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(57) Abstract 

Compounds of geneml fomuila (1) are described wherein Y is a halogen atom or a group -OR^ where R^ is an optionally substituted 
aDcyi group; X is -0-, -S- or -NCR*)-, nAm R' Is a hydrogen attan or an alkyl groi^; R^ is an optionally substituted alk^ alkeayl, 
cycloalkyl or cycloalkenyl groi^; R^ is a hydrogen or halogen atom or an -OR' grot^, where R^ is a hydiogen atom ot an optionally 
substituted alk^l, alkenyl, a^oxyalkyl, or aOoBnojl group, or a formyl, caiboxamido or thiocarboxamido group; R^ and R^ which may be 
the same or different, is each a group •(CH2)taAr, where Ar is a monocyclic or bicyclic aryl gro^> optiooally containing one ore more 
heteroattntts selected from oxygen, sulphur or nitrogen atoms and n is zero or an integer 1, 2 or 3; R^ is a hydrogen atom or an optionaOy 
substituted alkyl group; R'' is a hydrogen atom or an optionally substituted alkyl group; and the salts, solvates, hydrates and NK>xides 
diereof. Confounds acooidiog to the mvention are potent, selective and orally active PDE IV inhibitors and ate useful in the prophylaxis 
and tzeannent of asthma and odwr diseases. 
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TRI-SUBSTITUTEO PHENYL DERIVATIVES AS PHOSPHODIESTERASE INHIBITORS 



5 This invention relates to a novel series of tri-substituted phenyl derivatives, 
to processes for their preparation, to pharmaceutical compositions 
containing them, and to their use in medicine. 

Many hormones and neurotransmitters modulate tissue function by 
10 elevating intracellular levels of adenosine 3', 5*-cyctic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyl cyclase which may be directly activated by agents such as forskolin 
or indirectly activated by the binding of specific agonists to cell surface 
15 receptors which are coupled to adenyl cyclase. The breakdown of cAMP 
is controlled by a family of phosphodiesterase (PDE) isoenzymes, which 
also control the breakdown of guanosine 3\5'-cyclic monophosphate 
(cGMP). To date, seven members of the family have been described 
(PDE l-VII) the distribution of which varies from tissue to tissue. This 
20 suggests that specific inhibitors of PDE isoenzymes could achieve 
differential elevation of cAMP in different tissues, (for reviews of PDE 
distribution, structure, function and regulation, see Beavo & Reifsnyder 
(1990) TIPS, II: 150-155 and Nicholson et al (1991) TIPS,1£: 19-27]. 

25 There is clear evidence that elevation of cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
ainivay smooth muscle has a spasmolytic effect, in these tissues. PDE IV 
plays a major role in the hydrolysis of cAMP. It can be expected, 
therefore, that selective inhibitors of PDE IV would have therapeutic 

30 effects in inflammatory diseases such as asthma, by achieving both anti- 
inflammatory and bronchodilator effects. 

The design of PDE IV inhibitors has met with limited success to date, in 
that many of the potential PDE IV inhibitors which have been synthesised 
35 have lacked potency and/or have been capable of inhibiting more than one 
type of PDE isoenzyme in a non-selective manner. Lack of a selective 
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action has been a particular problem given the widespread role of cAMP Iq 
vivo and what is needed are potent selective PDE iV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
isoenzymes. 

5 

. We have now found a novel series of tri-substituted phenyl derivatives, 
members of which compared to known structurally similar compounds are 
potent inhibitors of PDE IV at concentrations at which they have little or no 
inhibitory action on other PDE isoenzymes. These compounds inhibit the 

10 human recombinant PDE IV enzyme and also elevate cAMP in isolated 
leukocytes. Certain compounds prevent inflammation In the lungs Induced 
by carrageenan. platelet-activating factor (PAF), lnterleukln-5 (IL-5) or 
antigen challenge. These compounds also suppress the 
hyperresponsiveness of airway smooth muscle seen in inflamed lungs. 

15 Advantageously, compounds according to the Irivention have good oral 
activity and at orally effective doses exhibit little or none of the side-effects 
associated with known PDE IV inhibitors, such as rolipram. The 
compounds of the invention are therefore of use in medicine, especially in 
the prophylaxis and treatment of asthma. 

20 

Thus according to one aspect of the invention, we provide a compound of 
formula (1) 



r2x 




wherein 

Y IS a halogen atom or a group -OR^ where is an optionally substituted 
alkyi group; 

X is -0-. -S- or -N(R8)-, where R^ is a hydrogen atom or an alkyl group; 
30 R2 is an optionally substituted alkyl, alkenyl, cycloaikyi or cycloalkenyl 
group; 
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R3 is a hydrogen or halogen atom or an -OR^ group, where is a 
hydrogen atom or an optionally substituted alkyl. alkenyl, alkoxyalkyi, or 
alkanoyi group, or a fonmyl, carboxamido or thiocarboxamido group; 
R^ and R^. which may be the same or different, is each a group 
5 -(CH2)nAr, where Ar is a monocyclic or bicyclic aryi group optionally 
containing one or more heteroatoms selected from oxygen, sulphur or 
nitrogen atoms and n is zero or an integer 1 ,2 or 3; 
R^ is a hydrogen atom or an optionally substituted alkyl group; 
R7 is a hydrogen atom or an optionally substituted alkyl group; and the 
10 salts, solvates, hydrates and N-oxides thereof. 

It will be appreciated that the compounds of fonmula (1) may have one or 
more chiral centres, depending on the nature of the groups R3. R4, rs^ r6 
and R'^. Where one or more chiral centres is present, enantiomers or 
15 diastereomers may exist, and the invention is to be understood to extend 
to all such enantiomers, diastereomers and mixtures thereof, including 
racemates. 

In the compounds of formula (1), when Y is a halogen atom it may be for 
20 example a fluorine, chlorine, bromine or iodine atom. 

When Y in the compounds of formula (1) is a group •OR*', R^ may be, for 
example, an optionally substituted straight or branched alkyi group, for 
example, an optionally substituted Ci^alkyi group, such as a methyl, 
25 ethyl, n-propyt or i-propyl group. Optional substttutents which may be 
present on R** groups include one or more halogen atoms, e.g. fluorine, or 
chlorine atoms. Particular substituted alkyl groups include for example 
-CH2F, -CH2CI, -CHF2, -CHCI2, -CFa or -CCI3 groups. 

30 Alkyl groups represented by R2, R6 or R7 in the compounds of formula (1 ) 
include optionally substituted straight or branched C1.6 alkyl groups, e.g. 
C1.3 alkyl groups such as methyl or ethyl groups. Optional substituents on 
these groups include one, two or three substituents selected from halogen 
atoms, e.g. fluorine, chlorine, bromine or iodine atoms, or hydroxyl or Ci-e 

35 aikoxy e.g. Ci-a alkoxy such as methoxy or ethoxy groups. 
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Alkenyi groups represented by in the compounds of formula (1) include 
optionally substituted straight or branched Ca^alkenyi groups such as 
ethenyl, propen*1-yl and 2-*methylpropen-1*yl. Optional substltuents 
Include those described above in relation to the groups R^, R^ and R^. 

5 

When R2 in the compounds of formula (1) is an optionally substituted 
cycloalkyi or cycloalkenyl group it may be for example a Cs-ecycloalkyl 
group such as a cyclobutyl, cyciopentyl or cyclohexyi group or a C3.8 
cycloalkenyl group containing for example one or two double bonds such 

10 as a 2-cyciobulen-1-yl, 2-cyclopenten-1-yl, 3-cyciopenten-1-yl, 2.4- 
cyclopentadien-1-yl. 2-cyclohexen-1-yl, 3-cyclohexen-1-yl, 2,4- 
cyclohexadien-1-yi or 3,5-cyclohexadien-1-yl group, each cycloalkyi or 
cycloalkenyl group being optionally substituted by one, two or three 
substltuents selected from halogen atoms, e.g. fluorine, chlorine, bromine 

15 or iodine atoms, straight or branched Ci-ealkyl e.g. Ci-salkyl such as 
methyl or ethyl, hydroxyl or Ci^lkoxy e.g. Ci-salkoxy such as methoxy or 
ethoxy groups. 

AlkyI groups represented by R^ in compounds of formula (1) include 
20 straight or branched Ci-e aikyl groups, e.g. C1.3 aikyi groups such as 
methyl or ethyl groups. 

When the group R^ in compounds of fomiula (1) is a halogen atom it may 
be for example a fluorine, chlorine, bromine or iodine atom. 

25 

When the group R^ in compounds of formula (1) is an -OR® group it may 
be for example a hydroxyl group; or a group -OR® where R® is an 
optionally substituted straight or branched Ci^ealkyl group, e.g. a Ci.3alkyi 
group such as a methyl or ethyl group, a Ca^ealkenyl group such as an 

30 ethenyl or 2-propen-1-yl group, a Ci.3alkoxyCi.3alkyl group such as a 
methoxymeth^, ethoxymethyl or ethoxyethyl group, a Ci-ealkanoyl, e.g. 
Ci-aalkanoyl such as acetyl group, or a fomiyl (HC(OH or a carboxamido 
(C0NR^iRi2 ) or thiocarboxamido (CSNRiiRi2) group, where R^1 and 
R12 in each instance may be the same or different and is each a 

35 hydrogen atom or an optionally substituted straight or branched Ci^alkyl, 
e.g. Ci-aalkyl group such as a methyl or ethyl group. Optional 
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substituents which may be present on such groups include those 
described above in relation to the alkyi groups R2, and R^. 

In the compounds of fontiula (1) the groups R^ and R^ may each 
5 Independently be a group -Ar, -CH2Ar, -(CH2)2Ar or -(CH2)3Ar. 

Monocyclic or bicyclic aryl groups represented by the group Ar in 
compounds of formula (1) include for example C6-12 optionally substituted 
aryl groups, for example optionally substituted phenyl, 1-or 2-naphthyl, 
1 0 indenyl or isoindenyi groups. 

When the monocyclic or bicyclic aryl group Ar contains one or more 
heteroatoms it may be for example a C1.9 optionally substituted heteroaryl 
group containing for example one, two, three or four heteroatoms selected 
15 from oxygen, sulphur or nitrogen atoms. In general, Ar heteroaryl groups 
may be for example monocyclic or bicyclic heteroaryl groups. Monocyclic 
heteroaryl groups include for example five- or six-membered heteroaryl 
groups containing one, two, three or four heteroatoms selected from 
oxygen, sulphur or nitrogen atoms. 

20 

Examples of heteroaryl groups represented by Ar include pyrrolyl, furyl, 
thienyl, imtdazolyl, N-methylimidazolyl, N-ethylimldazblyl, oxazoiyi, 
isoxazolyl, thiazolyl, isothiazolyl, pyrazolyi, 1,2,3*triazolyl, 1,2,4-triazolyl, 
1,2,3-oxadiazolyl, 1,2,4*oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 

25 pyridyl. pyrimidinyl, pyridazinyl, pyrazinyl. 1.3,5-triazinyl, 1 .2.4-triazinyl, 
1,2,3-triazinyl, benzofuryl, isobenzofuryl, benzothienyl, isobenzothienyl, 
indoiyi, isoindolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, 
quinazolinyl, naphthyridinyl, pyrido(3,4-b]pyridyl, pyrido[3,2-b]pyridyl, 
pyridoI4,3-b]pyridyl, quinolinyl, isoquinolinyl, tetrazolyl, 5,6,7,8-tetra- 

30 hydroquinolinyl and 5,6,7,8-tetrahydroisoquinoiinyl. 

The heteroaryl group represented by Ar may be attached to the remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for example, when the group Ar is a pyridyl group it 
35 may be a 2-pyridyl, 3-pyrtdyl or 4-pyridyl group. When it is a thienyl group 
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it may be a 2-thienyl or 3-thienyl group, and, similarly, when it is a furyi 
group it may be a 2*furyl or 3-f uryl group. 

When in compounds of fonnula (1) the At group is a nitrogen-containing 
5 heterocycle it may be possible to form quaternary salts, for example N- 
alkyl quaternary salts and the invention is to be understood to extend to 
such salts. Thus for example when the group Ar is a pyridyl group, 
pyridinium salts may be formed, for example N-alkylpyridinium salts such 
as N-methylpyridinium. 

10 

The aryl or heteroaryl groups represented by Ar in compounds of formula 
(1) may each optionally be substituted by one, two, three or more 
substituents [R^^]. The substituent R*^^ may be selected from an atom or 
group R^3 or-Alk'i(R'^3)m wherein R'i^ is a hatogen atom, or an amino 

15 (•NH2). substituted amirio. nitro, cyano. hydroxyl (-OH), substituted 
hydroxyl, cycloalkoxy, formyl [HC(0)-], carboxyl (-CO2H), esterified 
carboxyl, thiol (-SH), substituted thiol, -C(0)Alki, -SO3H, .S02Alk^ 
-SO2NH2. -S02NHAIki, -S02NIAIkil2, -CONH2, -CONHAIki, -CONfAlkife. 
-NHSO2H. -NHS02Alki. -NIS02Alki]2. -NHSO2NH2. -NHS02NHAIkl, 

20 -NHS02N[Alki]2 , -NHC(0)Alki, or -NHC(0)OAIki group; Alk^ is a straight 
or branched Ci-aalkylene, C2^alkenylene, or C2*6dlkynylene chain 
optionally interrupted by one, two, or three -O-, or -S- atoms or -S(0)p*, 
[where p is an integer 1 or 2] or -NCR®)- groups; and m is zero or an 
integer 1,2 or 3. 

25 

When in the group -AIk''(Ri3)m m is an integer 1. 2 or 3, it is to be 
understood that the substituent or substituents R"^^ may be present on any 
suitable carbon atom in -Alk^. Where more than one R^^ substitutent is 
present these may be the same or different and may be present on the 
30 same or different carbon atom in Aik^. Clearly, when m is zero and no 
substituent R^^ is present or when Alk^ forms part of a group such as 
-S02Alk'i the alkylene, aikenylene or alkynyiene chain represented by Alk^ 
becomes an alkyi, alkenyl or alkynyl group. 

35 When R^^ is a substituted amino group it may be a group -NH[Alk^(R'*^)m] 
[wher Aik^ and m are as defined above and is as defined above for 
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but is not a substituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -N[Alki(R^^)ml2 wherein each -AlkMR^^)m group 
is the same or different. 

5 When is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R^3 js a cycloalkoxy group it may be for example a Cs-ycycloalkoxy 
group such as a cyclopentyioxy or cyclohexyloxy group. 

10 

When R13 is a substituted hydroxyl or substituted thiol group it may be a 
group -0AlkHRi3a)m or -SAIki(Ri3a)^ respectively, where Alki, Ri3a and 
m are as just defined. 

15 Esterified carboxyl groups represented by the group R^3 include groups of 
formula -COaAlk^ wherein Alk2 is a straight or branched, optionally 
substituted Ci-saikyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, l-butyl, s-butyl or t-butyl group; a C6.i2arylCi.8alkyl group such as an 
optionally substituted benzyl, phenylethyl, phenylpropyl. 1 -naphthylmethyl 

20 or 2-naphthylmethyl group; a Ce-iaaryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a C6-i2arytoxyCi.8alkyl 
group such as an optionally substituted phenyloxymethyl, phenyloxyethyl, 
1-naphthyloxymethyl. or 2-naphthyloxymethyl group; an optionally 
substituted Ci-salkanoyloxyCi-aalkyl group, such as a pivaloyloxymethyl. 

25 propionyloxyethyl or propionyloxypropyl group; or a C6.i2aroyloxyCi.8alkyl 
group such as an optionally substituted benzoyloxyethyl or 
benzoyloxypropyl group. Optional substituents present on the Alk2 group 
include R^^ substituents described above. 

30 When Alki is present in or as a substituent Ri^ it may be for example a 
methylene, ethylene, n-propylene, l-propylene, n-butylene, i-butylene, s- 
butylene, t-butylene, ethenylene, 2-propenylene. 2-butenylene, 3- 
butenylene. ethynylene, 2-propynylene, 2-butynylene or 3-butynylene 
chain, optionally interrupred by one, two. or three -O- or -S-, atoms or 

35 -S(0)-, -S(0)2- or -N(R8)- groups. 
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Particularly useful atoms or groups represented by R^^ include fluorine, 
chlorine^ bromine or iodine atoms, or Ci^aikyl, e.g. methyl or ethyl, Ci. 
ealkylamino, e.g. methylamino or ethylamino, Ci-e hydroxyalkyi, e.g. 
hydroxymethyl or hydroxyethyl. Ci-ealkylthiol e.g. methylthiol or ethylthiol, 
5 Ci-ealkoxy, e.g. methoxy or ethoxy. Cs-Tcycloaikoxy. e.g. cyclo-pentyloxy, 
haloCi-ealkyI, e.g. trifluoromethyl, Ci-ealkylamino, e.g. methylamino or 
ethylamino. amino (-NH2), aminoCi-ealkyI, e.g. aminomethyl or aminoethyl, 
Ci-edialkylamino. e.g. dimethylamino or diethylamino, nitro, cyano, 
hydroxyl (-OH), fomiyl [HC(OH. carboxyl (-CO2H). •C02Alk2 [where Alk2 is 

10 as defined above], alkanoyi e.g. acetyl, thiol (-SH), thioCi^lkyl, e.g. 
thiomethyl or thioethyl, sulphonyl (-SO3H). Ci-ealkylsulphonyl, e.g. 
methylsulphonyl, amtnosulphonyl (-SO2NH2), Ci-ealkylaminosulphonyl, 
e.g. methylaminosutphonyl or ethylaminosulphonyl, Ci^dialkylamino- 
sulphonyl, e.g. dimethylaminosulphonyi or diethylaminosulphonyl, 

15 carboxamido (-C0NH2)i Ci-ealkylaminocarbonyl, e.g. methylamino- 
carbonyi or ethylaminocarbonyl. Ci^dialkylaminocarbonyl, e.g. dimethyl- 
aminocarbonyl or diethylaminocarbonyl, sulphonylamino (-NHSO2H), 
Ci^alkylsuiphonylamino, e.g. methylsulphonylamino or ethytsulphonyl- 
amino, Ci^diatkylsulphonylamino, e.g. dimethylsulphonylamlno or diethyl- 

20 sulphonylamino, aminosuiphonylaminp (-NHSO2NH2), Ci^alkyiamino- 
sulphonylamino, e.g. methylaminosulphonylamino or ethylamino- 
sulphonylamino, Ci^dialkylaminosulphonylamino, e.g. dimethyiamino- 
sulphonylamino or diethylaminosulphonylamino, Ci^lkanoylamino, e.g. 
acetylamino, Ci-ealkanoylamino Ci-eaikyi, e.g. acetylaminomethyl or 

25 Ci-ealkoxycarbonylamino, e.g. methoxycarbonylamino, ethoxycarbonyl- 
amino or t-butoxycarbonylamino groups. 

Where desired, two Rio substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C2-6alkylenedioxy group such as 
30 ethylenedioxy. 

It will be appreciated that where two or more R^^ substituents are present, 
these need not necessarily be the same atoms and/or groups. The 
substituents may be present at any ring carbon atom away from that 
35 attached to the rest of the molecule of formula (1). Thus, for example, in 
phenyl groups represented by Ar any substituent may be present at the 2-, 
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3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
remainder of the molecule. 

in the compounds of formula (1), when ah ester group is present, for 
5 example a group -C02Alk2 this may advantageously be a metaboiically 
labile ester. 

The presence of certain substituents in the compounds of formula (1) may 
enable salts of the compounds to be fonned. Suitable salts include 
10 pharmaceutically acceptable salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
organic bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
15 alkyisulphonates, e.g. methanesulphonates, ethanesulphonates, or 
isethionates, arylsulphonates, e.g. p*toluenesulphonates, besylates or 
napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trifluoroacetates, propionates, citrates, maleates, fumarates, malonates, 
succinates, lactates, oxalates, tartrates and benzoates. 

20 

Salts derived from inorganic or organic bases include alkali metal salts 
such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium salts, and organic amine salts such as morpholine, 
piperidine, dimethylamine or diethylamine salts. 

25 

Particularly useful salts of compounds according to the invention include 
pharmaceutically acceptable salts, especially acid addition 
pharmaceutically acceptable salts. 

30 In the compounds of fomiula (1), the group Y is preferably an OR^ group, 
especially where Ri is an optionally substituted ethyl group or, especially, 
an optionally substituted methyl group. Especially useful substitutents 
which may t>e present on Ri groups include one, two or three fluorine or 
chlorine atoms. 

35 

The group X in compounds of fomiula (1) is preferably -0-. 
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A particularly useful group of compounds of formula (1) has the formula 
(2): 

C(R^{R*JC(R?)(RP)R^ 

(2) 

5 

where Is an optionally substituted cycloalkyi group; R3 .R^, RS, R6 and 
r7 are as defined for formula (1); and the salts, solvates, hydrates and N- 
oxides thereof. 

10 In the compounds of formulae (1) or (2) R2 Is preferably an optionally 
substituted methyl or cyclopentyl group, in particular. R^ is a cyclopentyl 
group. 

The group R^ in compounds of formulae (1) or (2) is preferably a hydrogen 
15 atom. 

In compounds of fomnulae (1) or (2) the group R^ Is preferably a methyl 
group, or especially a hydrogen atom. 

20 The group R^ in compounds of formulae (1) or (2) is preferably a methyl 
group, or especially a hydrogen atom. 

In one preference, R^ and R^ in compounds of formula (1) is each a 
methyl group. In another preference, one of R^ or R7 is a methyl group 
25 and the other is a hydrogen atom. In general, however, R^ and R^ is each 
especially a hydrogen atom. 

The groups R^and R^ in compounds of formulae (1) or (2) is each, 
independently, preferably a -CHpAr group, or. especially, an -Ar group. 

30 

Particularly useful R^ or RS groups in the compounds of formulae (1) or (2) 
include those R^or RS groups in which Ar is a monocyclic aryl group 
optionally containing one or more heteroatoms selected from oxygen. 
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sulphur, or, in particular, nitrogen atoms, and optionally substituted by one, 
two, three or more R^^ substituents. In these compounds, when the group 
represented by Ar is a heteroaryl group it is preferably a nitrogen- 
containing monocyclic heteroaryl group, especially a six-membered 

5 nitrogen-containing heteroaryl group. Thus, in one preferred example, the 
groups and R^ may each be a six-membered nitrogen-containing 
heteroaryl group. In another preferred example R"* may be a monocyclic 
aryl group or monocyclic heteroaryl group containing an oxygen or sulphur 
atom and R^ may be a six-membered nitrogen-containing heteroaryl 

10 group. In these examples, the six-membered nitrogen-containing hetero- 
aryl group may be an optionally substituted pyridyl, pyridazinyl, pyrimidinyi 
or pyrazjnyl group. Particular examples include optionally substituted 2- 
pyrldyl. 3-pyridyl or, especially, 4-pyridyl. 3-pyridazinyl, 4-pyridazinyl, 5- 
pyridazinyl. 2-pyrimidinyl, 4-pyrimidinyl. 5-pyrimldinyl, 2-pyrazinyl or 3- 

15 pyrazinyl. The monocyclic aryl group may be a phenyl group or a 
substituted phenyl group, and the monocyclic heteroaryl group containing 
an oxygen or sulphur atom may be an optionally substituted 2-furyl, 3- 
furyl, 2-thienyl or 3-thienyl group. 

20 One particularly useful group of compounds of formulae (1) or (2) is that 
wherein R^ and R^ is each a pyridyl or, especially, a monosubstituted 
pyridyl, or preferably a disubstituted pyridyl group, or is a phenyl, 
thienyl or furyl, or substituted phenyl, thienyl or furyl group and R^ is a 
pyridyl or, especially a monosubstituted pyridyl, or preferably a 

25 disubstituted pyridyl group. 

In this particular group of compounds and also in general in compounds of 
fomiulae (1 ) or (2), when R"* and/or R^ is a substituted phenyl group it may 
be for example a mono-, di- or trisubstituted phenyl group in which the 
30 substituent is an atom or group R^o as defined above. When the R^ 
and/or R^ group is a monosubstituted phenyl group the substituent may be 
in the 2-, or preferably 3-. or especially 4-position relative to the ring 
carbon atom attached to the remainder of the molecule. 



35 



When in compounds of formulae (1) or (2) R"* and/or R5 is a substituted 
pyridyl group it may be for xample a mono-or disubstituted pyridyl group, 
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such as a mono- or disubstituted 2-pyridyl, 3-pyridyi or especially 4-pyridyl 
group substituted by one or two atoms or groups R^^ as defined above, in 
particular one or two halogen atoms such as fluorine or chlorine atoms, or 
methyl, methoxy, hydroxyl or nitro groups. Particularly useful pyridyl 
5 groups of these types are 3-monosubstituted-4-pyridyl or 3,5-disubstituted- 
4-pyridyl, or 2- or 4-monosubstituted-3-pyridyl or 2,4-disubstituted-3- 
pyridyl groups. 



A particulariy useful group of compounds according to the invention has 
10 the formula (2) wherein R3, and R^ is each a hydrogen atom and R2, R* 
and RS are as defined for formula (1); and the salts, solvates, hydrates 
and N-oxides thereof. Compounds of this type in which R^ is a cycloalkyi 
or substituted cycloalkyi group, especially a substituted cyclopentyl or in 
particular a cyclopentyl group are particularly useful, in this group of 
15 compounds, R"^ is preferably a monocyclic aryl group, particularly a phenyl 
or substituted phenyl group or R"* is a six-membered nitrogen-containing 
monocyclic heteroaryl group, particularly a pyridyl or substituted pyridyl 
group and R^ is a six-membered nitrogen-containing monocyclic 
heteroaryl group, especially a pyridyl or substituted pyridyl group in 
20 particular a 4-pyridyl or substituted 4-pyridyl group. 

Particulariy useful compounds according to the invention are: 
(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-furyl) 
ethyl]pyridine; 

25 (±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-{2-thienyl)ethyl] 
pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyll-3- 
methylimidazole; 

{±)-4-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
30 " pyridine; 

(±)-4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyll 
pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-{4-fluorophenyl- 
ethyl] pyridine; 

35 (±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-trifluoromethyl- 
phenyl)ethyl]pyridine; 
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(±)-4-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-methoxyphenyl- 
ethyl)]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-methoxyphenyl)- 
ethyljpyridine; 

(±)-4-[2-(3-Cyclopentytoxy-4-methoxyphenyl)-2-(4-methylphenyl) 
ethyl]pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-methylphenyl)- 
ethyqpyrtdine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(3-cyclopentyloxy-4- 
methoxyphenyl)ethyl]pyridine: 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3,5- 
dichloropyridine; 

(±)-2-(2-(3-Cyclopentyloxy-4.methoxyphenyl)-2-phenylethylJ 
pyridine: 

(±)-4-{1-(3-Cyclopentylc»{y-4.methoxypheny!)-2-(4-pyrfdyl) ethyl] 
aniline; 

(±)-4-[l-(3-Cyctopenxyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 
benzoic acid; 

(±) Ethyl N-{4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4^)yridyl) 
ethyl]phenyl}carbamate; 

(±) N-{4-{1 -(3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyridyl)ethyl] 
phenyt}N'-ethylurea; 

(±) N^4^1 -(3-Cyclopentyloxy-4.methoxyphenyl)]-2-(4-pyridyl) 
ethyl}phenylacetamide; 

{±)-3-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyll 

pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxypheny!)-2-phenylethyl] 

pyrimidine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-hydroxymethyl- 
phenyl)ethyl]pyridine; 

(±)-4-[1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl] 
benzamide; 

(±)Ethyl-4-{1-(3-Cyclopentytoxy^methoxyphenyl)-2-(4-phenyl- 
ethyl]benzoate; 

(±) N-{4-[l -(3-Cyc!opentyloxy-4^ethoxyphenyl)-2-(4-pyridyl)ethyl] 
phenyl}imethanesuiphonaniide; or 
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th resolved enantiomers thereof; and the salts, solvates, hydrates 
and N-oxides thereof. 

The above specifically mentioned compounds exist in two enantiomeric 
5 forms. Each enantiomer is useful, as are mixtures of both enantiomers. 

Compounds according to the invention are selective and potent inhibitors 
of PDE IV. The ability of the compounds to act in this way may be simply 
determined by the tests described in the Examples hereinafter. 

10 

The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human diseases where an unwanted 
inflammatory response or muscular spasm (for example bladder or 
alimentary smooth muscle spasm) is present and where the elevation of 
15 cAMP levels may be expected to prevent or alleviate the inflammation and 
relax muscle. 

Particular uses to which the compounds of the invention may be put 
include the prophylaxis and treatment of asthma, especially inflamed lung 

20 associated with asthma, cystic fibrosis, or in the treatment of inflammatory 
ainfvay disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other benign and malignant proliferative skin diseases, endotoxic shoclc, 
septic shoclc, ulcerative colitis, Crohn's disease, reperfusion injury of the 
myocardium and brain, inflammatory arthritis, chronic glomerulonephritis. 

25 atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 
insipidus, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
arterial restenosis and artherosclerosis. 

Compounds of the invention also suppress neurogenic inflammation 
30 through elevation of cAMP in sensory neurones. They are, therefore, 
analgesic, anti*tussive and anti-hyperaigesic in inflammatory diseases 
associated with irritation and pain. 

Compounds according to the invention may also elevate cAMP in 
35 lymphocytes and thereby suppress unwanted lymphocyte activation in 
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immune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant r jection and graft versus host disease. 

Compounds according to the invention have also been found to reduce 
5 gastric acid secretion and therefore can be used to treat conditions 
associated with hypersecretion. 

Compounds of the invention suppress cytokine synthesis by inflammatory 
cells in response to immune or infectious stimulation. They are, therefore, 

10 useful in the treatment of bacterial, fungal or viral induced sepsis and 
septic shock in which cytokines such as tumour necrosis factor (TNF) are 
key mediators. Also compounds of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful in the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration which 

15 occurs in diseases such as rheumatoid or osteo*arthritis. 

Over-production of cytokines such as TNF in bacterial, fungal or viral 
infections or in diseases such as cancer, leads to cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
20 consequent enhancement of quality of life. 

Compounds of the invention also elevate cAMP in certain areas of the 
brain and thereby counteract depression and memory impairment. 

25 Compounds of the invention suppress cell proliferation in certain tumour 
cells and can be used, therefore, to prevent tumour growth and invasion of 
normal tissues. 

For the prophylaxis or treatment of disease the compounds according to 
30 the invention may be administered as pharmaceutical compositions, and 
according to a further aspect of the invention we provide a pharmaceutical 
composition which comprises a compound of formula (1) together with one 
or more pharmaceutically acceptable canrters, excipients or diluents. 
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Pharmaceutical compositions according to the inv ntion may take a form 
suitable for oral, buccal, parenteral, nasal, topical or rectal administration, 
or a form suitable for administration by inhalation or insufflation. 

5 For oral administration, the pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutically acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyl methylcellulose); fillers (e.g. lactose, microcrystalline 

10 cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
stearate, talc or silica); dislntegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauiyl sulphate). The tablets 
may be coated by methods well known in the art. Liquid preparations for 
oral administration may take the fomfi of, for example, solutions, syrups or 

15 suspensions, or they may be presented as a dry product for constitution 
with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutically acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and presen/atives. The preparations may also contain buffer 

20 saltSt flavouring, colouring and sweetenirig agents as appropriate. 

Preparatbns for oral administration may be suitably formulated to give 
controlled release of the active compound. 

25 For buccal administration the compositions may take the form of tablets or 
lozenges formulated in conventional manner. 

The compounds for formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or infusion. Formulations 

30 for injectiori may be presented in unit dosage forni, e.g. in glass ampoule 
or multi dose containers, e.g. glass vials. The compositions for injection 
may take such forms as suspensions, solutions or emulsions in oily or 
aqueous vehicles, and may contain formuiatory agents such as 
suspending, stabilising, preserving and/or dispersing agents. 

35 Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 
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In addition to the formulations described above, the compounds of formula 
(1) may also be fomiulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
5 injection. 



For nasal administration or administration by inhalation, the compounds 
for use according to the present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
10 with the use of suitable propellent, e.g. dichlorodifluoromethane, 
trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other 
suitable gas or mixture of gases. 

The compositions may, if desired, be presented in a pack or dispenser 
15 device whteh may contain one or more unit dosage forms containing the 
active ingredient. The pack or dispensing device may be accompanied by 
instructions for administration. 



The quantity of a compound of the invention required for the prophylaxis or 
20 treatment of a particular inflammatory condition will vary depending on the 
compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around lOOng/kg to 
(100mg/kg, e.g. around O.OImg/kg to 40mg/kg body weight for oral or 
buccal administration, from around lOng/kg to SOmg/kg body weight for 
25 parenteral administration and around 0.05mg to around lOOOmg e.g. 
around O.Smg to around lOOOmg for nasal administration or administration 
by inhalation or insufflation. 



The compounds according to the invention may be prepared by the 
30 following processes. The symbols Y, R2 R3, R^, RS, R6, r7 and X, when 
used in the formulae below are to be understood to represent those 
groups described above in relation to formula (1) unless otherwise 
indicated. In the reactions described below it may be necessary to protect 
reactive functional groups, for example hydroxy, amino, thio, or carboxy 
35 groups, where these are desired in the final product, to avoid their 
unwanted participation in the reactions. Conventional protecting groups 
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may be used in accordance with standard practice (see, for xample, 
Green. T. W. in "Protective Groups in Organic Synthesis" John Wiley and 
Sons, 1981.] It may be that deprotection will form the last step in the 
synthesis of compounds of formula (1). Thus, in one example, compounds 

5 of formula (1) wherein and/or contains a carboxylic acid group may 
be prepared by deprotecting the corresponding compound wherein R^ 
and/or R^ contains a protected carboxyt group, such as an oxazoiinyl 
group, e.g. 4,4-dimethyi*2-oxazoiinyi, in the presence of a base, e.g. 
sodium hydroxide, in an acid solvent e.g. aqueous hydrochloric acid, at an 

10 elevated temperature, e.g. the reflux temperature. 

Thus according to a further aspect of the invention, a compound of formula 
(1) wherein R3 and R^ is each a hydrogen atom may be prepared by 
hydrogenation of a compound of fomiuia (3): 

15 

C(R*)=C(R5)(R6) 

(3) 

The hydrogenation may be performed using for example hydrogen in the 
presence of a catalyst. Suitable catalysts include metals such as 

20 platinium or palladium, optionally supported on an inert carrier such as 
carbon or calcium carbonate; nickel e.g. Raney nickel, or rhodium. The 
reaction may be performed in a suitable solvent, for example an alcohol 
such as methanol or ethanol, an ether such as tetrahydrofuran or dioxane 
or an ester such as ethyl acetate, optionally in the presence of a base, for 

25 example a tertiary organic base such as triethylamine, at for example 
ambient temperature. 

Alternatively, the reaction may be accomplished by transfer hydrogenation 
using an organic hydrogen donor and a transfer agent. Suitable hydrogen 
30 donors include for example acids, such as formic acid, formates, e.g. 
ammonium formate, alcohols, such as benzyl alcohol or ethylene glycol, 
hydrazine, and cycloalkenes such as cyclohexene or cyclohexadiene. The 
transfer agent may be for example a transition metal, for example 
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palladium or platinum, optionally supported on an inert carrier as 
discussed above, nickel e.g. Raney nickel, ruthenium, e.g. 
tris(triphenylphosphine)ruthenium chloride or copper. The reaction may 
generally be performed at an ambient or elevated temperature, optionally 
5 in the presence of a solvent, for example an alcohol such as ethanol or an 
acid such as acetic acid. 

intermediates of formula (3) may be prepared using a Homer-Wadsworth- 
Emmons approach by reaction of a ketone of formula (6) {described 

10 hereinafter] with a phosphonate R5CH2PO(OAIk)2, where Alk is a 
Ci^alkyl group such as a methyl group, in the presence of a base such as 
sodium hydride. The phosphonates for use in this reaction may be 
prepared by conventional methods, for example by reaction of a 
compound R^CH2U where L is a leaving group such as a chlorine atom 

1 5 with a phosphine P(OAIk)3. 

In another process for the preparation of intermediates of fomiula (3). an 
alkene of formula (4): 




may be coupled in a Heck reaction with an organopalladium compound 
derived from a compound R^Hal [where Hal is a halogen atom such as a 
bromine atom] and a palladium salt such as palladium acetate in the 
25 presence of a phosphine such as tri-g-tolyl phosphine and a base such as 
triethylamine at an elevated temperature and pressure. 

Intermediate alkenes of formula (4) may be obtained by reaction of a 
corresponding ketone of fomiula (6) (described hereinafter) using a Wittig 
30 reaction employing a phosphonium salt such as methyltriphenyl- 
phosphonium bromide in the presence of a base such as n-butyllithium 
and an inert solvent such as tetrahydrofuran at. for example, O^C to 
ambient temperature. 



• * 
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Intermediates of formula (3) may also be prepared by dehydration of an 
alcohol of formula (5): 




using an acid or base - catalysed elimination. 

Suitable acids include for example phosphoric or sulphonic acids, e.g. 4* 
10 toluenesulphonic acid. The reaction may be perfomned in an inert organic 
solvent, for example a hydrocarbon such as toluene, at an elevated 
temperature, for example the reflux temperature. Base-catalysed 
elmination may be performed using for example trifluoroacetic anhydride 
in the presence of an organic base such as triethyiamine at a low 
15 temperature e.g. from around 0^0 to ambient temperature, in a solvent 
such as dichloromethane or tetrahydrofuran. 

In certain instances, the reaction conditions used may also cleave the 
group in the starting material of formula (4) to yield an intermediate of 

20 formula (3) where R2 is a hydrogen atom. Such compounds may be 
converted to the required compound of formula (3) by reaction with a 
halide R^Hal (where Hal is a halogen atom such as a bromine or chlorine 
atom) as described hereinafter for the preparation of compounds of 
formula (1) from the corresponding compounds where R2 is a hydrogen 

25 atom. 

It will be appreciated that the alcohols of formula (5) are compounds of the 
invention In which the group R3 is a hydroxyl group. Thus according to a 
further aspect of the invention, a compound of fonnula (1) wherein R3 Is a 
30 hydroxyl group and R^is a hydrogen atom may be prepared by reaction of 
a ketone of fonnuia (6): 
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Y 




(6) 



10 



15 



20 



with an organometallic reagent RSR^CHZ, where Z is a metal atom. 

Metal atoms represented by Z inciudet for example, a lithium atom. 

The reaction may be performed in a solvent such as an ether, e.g. a cyclic 
ether such as tetrahydrofuran, at a low temperature e.g. around -70OC to 
ambient temperature. This reaction is particularly suitable for the 
preparation of compounds of formula (1) wherein is an electron 
deficient group such as a 2- or 4-pyridyl group. 

Reagents R^R^CHZ are either known compounds or may be prepared, 
preferably in situ during the above process, by reaction of a compound 
AlkCH2Z [where Alk is an alky! group such as a n-propyl group] with a 
compound R5R6CH2 where necessary in the presence of a base such as 
an amine e.g. diisoprppylamine using the above-mentioned conditions. 

Ketones of formula (6) may be prepared by oxidation of a corresponding 
alcohol of formula (7): 



using an oxidising agent such as manganese dioxide in a solvent such as 
dichloromethane at ambient temperature. 




(7) 



Alternatively, ketones of formula (6) may be prepared by reaction of a 
haiide of fonnula (8): 
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Y 




Hal 



(8) 



10 



15 



[where Hal is a halogen atom such as a bromine or chlorine atoml by 
halogen-metal exchange with a base such as n-butyllithium followed by 
reaction with a nitrile R^CN. an acid chloride R^COCI or an ester 
R^OaAlk (where All< is an alkyi group, e.9. a methyl group), in a solvent 
such as tetrahydrofuran at a low temperature. e.g. around -lOPC, and 
subsequent treatment with an acid such as hydrochloric acid at e.g. -2000 
to ambient temperature. 

Alcohols of formula (7) may be prepared by reaction of an aldehyde of 
formula (9): 



with an organometallic compound, such as an organoiithium compound 
R^Li. or a Gr^nard reagent R^MgBr. in a solvent, such as tetrahydrofuran, 
at a low temperature. e.g. around -SS^C to (PC. 

Aldehydes of formula (9) may be prepared by alkylation of a 
corresponding compound of formula (10): 




XH 




(10) 



25 



using a compound R2Hal [where Hal- is as previously defined] using the 
reagents and conditions described hereinafter for the alkylation of 
intermediates of fonnula (18). 
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20 



Intermediates of formula (10) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 

Halides of fonmula (8) may be prepared by aikylation of a compound of 
formula (11): 



using the reagents and conditions discussed above in relation to the 
aikylation of aldehydes of formula (10). 

Haiides of fonmula (1 1 ) where X is *0- may be prepared by oxidation of an 
aldehyde of formula (12): 



using an oxidising agent such as 3-chioroperoxybenzoic acid In a 
halogenated hydrocarbon such as chloroform at a temperature from 
around O^C to room temperature. 

Aldehydes of formula (12) and halides of fonnula (11) where X is -S- or 
•N(RB)* are either known compounds or may be prepared from known 
starting materials by methods analogous to those used for the preparation 
of the known compounds. 



In yet another process according to the invention, compounds of formula 
(1) wherein R3. and R^ is each a hydrogen atom may be prepared by 
decarboxylation of an acid of formula (13): 



XH 




(11) 




« t 
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Y' 




CH(R*)CH(R^C02H 



(13) 



10 



15 



20 



The reaction may be carried out by treatment of the compound of formula 
(13) with a base, for example an inorganic base such as a hydroxide, e.g. 
sodium hydroxide in a solvent such as an alcohol, e.g. ethanol, at an 
elevated temperature e.g. the reflux temperature, followed by acidification 
of the reaction mixture to a pH of around pH4 to around pH6 using an acid 
such as an inorganic acid, e.g. hydrochloric acid, at an elevated 
temperature, e.g. the reflux temperature. 

If desired, the acid of formula (13) may be generated in situ from the 
corresponding ester or nitrite using the above reaction conditions, or by 
initial treatment with an acid. 

Intemnediates of fomiula (13) may be prepared by reacting a compound of 
formula (14) 



[where is an ester of an acid *C02H (e.g. an alkyi ester such as an 
ethyl ester) or a group -CN], 

with a Grignard reagent R^MgBr, in the presence of a complexing agent, 
e.g. a copper (I) bromide-dimethyl sulphide complex, or a copper (I) 
chloride, or with an organolithium compound, e.g. R'^Li, in a solvent, e.g. 
tetrahydrofuran, at low temperature, e.g. around -40^0. followed by 
treatment with a base or an acid to yield the acid of formula (13) where 
R14 is -CO2H. The Grignard and the lithium reagents are either known 
compounds or may be prepared in a manner similar to that used to 
synthesise the known compounds. 
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Compounds of formula (14) may be obtained by reacting an adehyde of 
formula (9) with an ester or nitrile R^CHaR'*'^ in an acid solvent, such as 
acetic acid, at an elevated temperature, for example the reflux 
temperature, in the presence of a base, such as ammonium acetate. 

5 

In a further process according to the invention a compound of formula (1) 
wherein R3. R6 and R^ is each a hydrogen atom and R^ is a heteroaryl 
group may be generally prepared by cyclisation of a compound of formula 
(15): 




where R is a carboxylic acid [-CO2HI group or a reactive derivative 
thereof; or a nitrile [-CN] or an Imine salt with a bifunctional reagent 
WiR5aw2 and, where necessary, a compound R5bw3 [where W^, W2 and 
15 Vfi, which may be the same or different, is each a reactive functional 
group or a protected derivative thereof; and R^a and R^b are components 
of the heteroaryl group R^ such that when added together with W^, 
and to the group R in compounds of formula (15) the resulting group 
-RWiR5aw2 or -RW^ RS^W^RSbwa constitutes the heteroaryl group R^]. 

20 

Reactive derivatives of carboxylic acids for use in this reaction include acid 
halides, (e.g. acid chlorides), amides, including thioamides, or esters, 
including thioesters. imine salts include for example salts of formula [e.g.-* 
C(0Alk)BNH2M', where Alk is a Ci^alkyl group and A* is a counterion 
25 e.g. a chloride ion]. 

In this general reaction the reactive functional groups represented by 
W2 or may be any suitable carbon, nitrogen, sulphur or oxygen 
nucieophiles. Particular examples include simple nucleophiles such as 
30 carbantons [e.g. generated by the coupling of an alkyi group with an 
organometallic compound], amino, thiol and hydroxyl groups. 
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in general, the cyclisation reaction will initially be perform d in a solvent, 
for example an inert solvent such as a halocarbon, e.g. dichloromethane, 
an ether, e.g. a cyclic ether such as tetrahydrofuran, or a hydrocarbon, 
e.g. an aromatic hydrocarbon such as toluene, from a low temperature, 
5 e.g. around '7(PC. to around the reflux temperature, where necessary in 
the presence of a base or a thiation reagent, e.g. Lawesson's reagent, 
followed if necessary by heating, to an elevated temperature, e.g. the 
reflux temperature. 

10 Thus, in one particular example, compounds of formula (1) wherein RS 
and P7 is each a hydrogen atom and is a benzothiazolyl, benzoxazolyl 
or benzimidazolyl group may be prepared by reaction of a compound of 
formula (15) where R Is an acid halide, e.g. acid chloride, with a reagent 
Wipsaw2 which is 2-aminothiophenol, 2-hydroxyphenol, or 1,2- 

15 diaminobenzene respectively in the presence of a base e.g. an organic 
amine such as pyridine, in a solvent e.g. a halocarbon such as 
dichloromethane, from around -700C to the reflux temperature. 

In another example of the general cyclisation process, a compound of 
20 formula (15) where R is an acid halide as described above may be reacted 
with a compound WiRS&W^ which is a monoalkylmalonate, e.g. ethyl 
hydrogen malonate, followed by reaction with a compound R^^W^ which is 
hydrazine to give a compound of formula (1) wherein R3, R^ and R^ is 
each a hydrogen atom and R^ is a 5-hydroxypyrazolyl group. 

25 

In another variation of the cyclisation process, the halide of formula (15) 
may be reacted with a compound WRS^wS which is BrMg(CH2)3[- 
0(CH2)20-] followed by reaction in an acid solution with a compound 
p5bvv3 which is methylamine to yield a compound of formula (1) wherein 
30 R3, R® and R^ is each a hydrogen atom and R^ is a N-methyl pyrrole 
group. 

In a further example of the cyclisation process, the halide of formula (15) 
may be reacted with a compound WiR5aw2 which is H2NNHCSNH2 in an 
35 aromatic hydrocarbon such as toluene, at an elevated temperature, e.g. 
around ISO^C, followed by treatment with a base, e.g. an inorganic base 
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such as sodium bicarbonate to give a compound of fomiuta (1) wherein 
R3, and is each a hydrogen atom and RS is a 1 ,2,4-tria20lyl-5- 
thiolate group. 

5 Intermediate compounds of formula (15) are particularly useful and form a 
further aspect of the invention. Active derivatives of the acids of formula 
(15) and other compounds of formula (15) where R is a nitrile or an imine 
salt may be prepared from the corresponding acids {where R is -CO2H] 
using conventional procedures for converting carboxylic acids to such 

10 compounds, for example as described in the Examples hereinafter. 



Acids of formula (15) [where R is ^COaH] may be prepared by hydrolysing 
a diester of formula (16) 




where Alk is a Ci.4aikyl group, e.g. an ethyl group, with a base, e.g. 
sodium hydroxide, in a solvent, e.g. dioxane, at an elevated temperature, 
e.g. the reflux temperature, followed by acidification at an elevated 
20 temperature. 

Diesters of formula (16) may be prepared by reacting a diester of formula 
(17) 

R2X 




with an organometallic reagent, such as a Grignard reagent using the 
conditions described above for the preparation of alcohols of formula (1). 



30 



In another process according to the invention, a compound of formula (1) 
may be prepared by alkylation of a compound of formula (18): 
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HX 




C(R^)(R*)C(R^(R«)R^ 



using a reagent R^U where L is a leaving group. 



(18) 



Leaving groups represented by L include halogen atoms such as iodine or 
chlorine or bromine atoms or sulphonyloxy groups such as 
arylsulphonyloxy groups, e.g. p-toluenesulphonytoxy. 

10 The alkylation reaction may be carried out in the presence of a base, e.g. 
an inorganic base such as a carbonate, e.g. caesium or potassium 
carbonate, an alkoxide, e.g. potassium-t-butoxide, or a hydride, e.g. 
sodium hydride, in a dipolar aprotic solvent such as an amide, e.g. a 
substituted amide such as dimethylformamide or an ether, e.g. a cyclic 

15 ether such as tetrahydrofuran, at ambient temperature or above e.g. 
around 40^0 to SO<^C. 



Intermediates of formula (18) may be obtained from the corresponding 
protected compound of formula (19): 

20 

x^ 




wherein X1 is a protected hydroxy, thio or amino group using conventional 
procedures [see Green, T. W. MS- Thus, for example, where X is a t- 
25 butyldimethylsilyloxy group, the required hydroxyl group may be obtained 
by treatment of the protected intermediate with tetrabutylammonium 
fluoride. The protected intermediate of fonnula (18) may be prepared in 
an analogous manner to the compounds of formula (1) using the reactions 
described herein and appropriately protected intermediates. 



30 



« • 
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Compounds of formula (17) may be prepared by condensing an aldehyde 
of formula (9) with a malonate, e.g, diethylmalonate. if necessary in the 
presence of catalysts, e.g. piperidine and acetic acid, in an inert solvent, 
e.g. toluene, at elevated temperature, e.g. the reflux temperature. 

5 

Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula (1). Thus, for example, a group represented 
by or RS in compounds of fomnula (1) may be substituted in the aryl or 
heteroaryl portions by any of the groups R^^ by an appropriate substitution 
10 reaction using the corresponding unsubstituted compound of formula (1) 
and a R^^^^ containing nucieophiie or electrophiie. 

In another example of an interconversion process a compound of formula 
(1) wherein the aryl or heteroaryl group in R^ and/or R^ contains a 
15 -CH2NH2 substituent may be prepared by reduction of a con-esponding 
compound wherein R"^ and/or R^ contains a nitrile group, using for 
example a complex metal hydride such as lithium aluminium hydride in a 
solvent such as an ether e.g. diethylether. 

20 In a further example, a compound of formula (1) wherein the aryl or 
heteroaryl group in R^ and/or R^ contains an alkanoylamino or 
alkanoylaminoalkyi substituent may be prepared by acylation of a 
corresponding compound wherein R* and/or RS contains a -NH2 or 
alkylamino group by reaction with an acyl halide in the presence of a base, 

25 such as a tertiary amine e.g. triethylamine in a solvent such as 
dichloromethane. 

In yet another example of an interconversion process, compounds of 
formula (1) wherein R^ and/or R^ is substituted by an ester [C02Alk2l, e.g. 
30 an ethanoate, may be prepared by esterification of a corresponding 
compound wherein R* and/or R^ contains a cartDoxylic acid, using an acid 
halide, such as an acid chloride, e.g. acetyl chloride, in an alcohol, such as 
ethanol, at an elevated temperature, such as the reflux temperature. 

35 Compounds of formula (1) wherein R^ and/or R^ is substituted by a 
carboxylic acid may be prepared from the corresponding compound 



* • 
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Wherein and/or contains a formyl group, by oxidation with an 
oxidising agent, e.g. potassium penmanganate, in a solvent, such as an 
alcohol e.g. tert-butanol, at ambient temperature. 

5 In a further interconversion reaction, compounds of formula (1 ) wherein R^ 
and/or R^ is substituted by an aminoalkyi group, such as dimethyl- 
aminomethyl. may be prepared by reductive amination of a corresponding 
compound wherein R"* and/or R^ contains a formyl group, using an amine, 
e.g. dimethylamine, in the presence of a reducing agent, e.g. sodium 

10 cyanoborohydride, if necessary in the presence of a catalyst, e.g. 
ethanoHc HCI. in a solvent, such as an alcohol. e.g. methanol, at ambient 
temperature. 

In another example of an interconversion reaction a compound of formula 
15 (1) wherein R^ and/or R^ is substituted by a formyl group, may be reduced 
to the con-esponding alcohol, e.g. where R^ and/or R5 contains a hydroxy- 
methyl group, using a reducing agent, e.g. sodium borohydride, in a 
solvent, such as an alcohol, e.g. ethanol. at a temperature from around 
2(PC to ambient temperature. The resulting alcohol may then be 
20 converted to the corresponding alkoxy derivative, e.g. methoxymethyl, by 
reaction with an alky! halide or alkyi siilphonate using the methods and 
reagents described above for the alkylatlon of intermediates of formula 
(18). 

25 In a further example of an interconversion process compounds of formula 
(1) wherein R^ and/or R5 contains a carboxamido (-CONHR^'') or an 
aminocarbonyl (-NHCOR^i) group may be prepared by reaction of the 
corresponding compound wherein R^ and/or R^ contains a -CO2H or a 
-NH2 group respectively by reaction with a carbamate, such as isobutyl 

30 chioroformate or ethyl chlorofomiate. in the presence of a base, such as 
an amine, e.g. triethylamine or H-methylmorpholine, in a solvent, such as 
dichloromethane, or a mixture of solvents, e.g. tetrahydrofuran and 
dimethylformamide, at a temperature from around -200C to room 
temperature. 

35 
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In a still furth r interconversion reaction, compounds of formula (1) 
wherein R"^ and/or is substituted by a -NHCONHR'*^ group may be 
prepared by reacting a corresponding compound wherein and/or R^ is 
substituted by an amino (-NH2) group, with an isocyanate, e.g. ethyl 
5 isocyanate, in a solvent, e.g. dichloromethane, at ambient temperature. 

In another example of an interconversion process, compounds of formula 
(1) wherein R^ is an alkyi group, may be prepared by interconversion of a 
compound of formula (1) where P7 is a hydrogen atom by reaction with a 
10 compound R^L, where L is a leaving group, for example a halogen atom, 
such as chlorine, in the presence of a base, for example lithium 
diisopropylamide, in a solvent such as tetrahydrofuran, at low temperature, 
such as 0<^C. 

15 Compounds of formula (1) wherein R^ is an OR^ group where R^ is an 
alkyi, alkoxyalkyi, formyl or alkanoyi group, may be prepared in another 
example of an interconversion process by reaction of a compound of 
formula (1) where R^ is a -OH group with a compound R^L (where R^ is 
as just defined and L is a leaving group as described above), in a solvent, 

20 such a dichloromethane or tetrahydrofuran in the presence of base, for 
example triethyiamine or potassium tert-butoxide, at room temperature. 

In a further interconversion process compounds of formula (1) wherein R^ 
is a carboxamido (-CONHR^'') or a thiocarboxamido (-CSNHR^^) group, 

25 may be prepared by reaction of a compound of formula (1 ) wherein R^ is a 
hydroxyl group with an isocyanate R'^iNCO or an isothiocyanate Ri'^NCS, 
in a solvent, for example chloroform, in the presence of a base, for 
example diisopropylethyiamine, at ambient temperature. The isocyanate 
RiiNCO and isothiocyanate RUNCS are known compounds or may be 

30 prepared in a conventional manner. 

In a further example, a compound of formula (1) wherein R9 is a 
CONRi 1 R12 group may be prepared by reaction of a compound of formula 
(1) wherein R^ is a CONHRi^ group with a reagent R'^^l (where L is a 
35 leaving group as described above) in the presence of a base, for example 



wo 94/14742 



PCT/GB93/02625 



32 

sodium hydride, In a solvent, such as tetrahydrofuran, at low temperature, 
for example O^C. 

In another example, an Isothiocyanate of formula (1) where is 
5 -CSNR'>''R^2 may be prepared by reacting a compound of fonnula (1) 
wherein R^ is a (-CONRiiR''^) group with a thiation reagent, such as 
Lawesson's Reagent, in an anhydrous solvent, for example toluene, at 
elevated temperature, such as the reflux temperature. 

10 N-oxides of compounds of formula (1) may be prepared for example by 
oxidation of the corresponding nitrogen base using an oxidising agent 
such as hydrogen peroxide in the presence of an acid such as acetic acid, 
at an elevated temperature, for example around 70^0 to 800C, or 
altemativety by reaction with a peracid such as peracetic acid in a solvent, 

1 5 e.g. dichloromethane, at ambient temperature. 

Salts of compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate acid or base in a suitable 
solvent or mixture of solvents e.g. an organic solvent such as an ether e.g. 
20 dtethylether, or an alcohol, e.g. ethanol using conventional procedures. 

Where it is desired to obtain a particular enantiomer of a compound of 
formula (1) this may be produced from a corresponding mixture of 
enantiomers using any suitable conventional procedure for resolving 
25 enantiomers. 

Thus for example diastereomeric derivatives, e.g. salts, may be produced 
by reaction of a mixture of enantiomers of formula (1) e.g. a racemate, and 
an appropriate chiral compound, e.g. a chiral acid or base. Suitable chirai 

30 acids include, for example, tartaric acid and other tartrates such as 
dibenzoyi tartrates and ditoluoyi tartrates, suiphonates such as camphor 
sulphonates, mandelic acid and other mandelates and phosphates such 
as 1,1 -binaphthalene-2.2-diyl hydrogen phosphate. The diastereomers 
may then be separated by any convenient means, for example by 

35 crystallisation and the desired enantiomer recovered, e.g. by treatment 
with an acid or base in the instance wh re the diastereomer is a salt 
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In another resolution process a racemate of formula (1) may be separated 
using chlral High Performance Liquid Chromatography, for example as 
described In the Examples hereinafter. 

5 

Altematively, if desired a particular enantiomer may be obtained by using 
an appropriate chiral intermediate in one of the processes described 
above. Thus, for example, the procedure and chiral intermediates 
described herein for the preparation of (+)-2-[2-(3-cyclopentyloxy-4- 
10 methoxyphenyl)-2-phenytethyl]benz[d]oxazole (see Example 35) may be 
readily adapted to provide particular enantiomers of the invention. 

The following examples illustrate the invention. The following 
abbreviations are used: DMF - dimethylformamide; THF - tetrahydro- 
15 furan; DME - dimethoxyethane; EtOAc - ethyl acetate; Et20 - diethyl- 
ether; EtaN - triethylamine; BuLi - butyllithium; LDA • lithium 
diisopropylamide; EtOH - ethanol; RT - room temperature. 

All ^Hnmr spectra were obtained at 300MHz unless specified otherwise. 

20 

INTERMPOIATE 1 

3-Cvclopentvloxv-4-methoxvbenzaldehvde 

CsaCOa (21 4g, 0.66mol) was added to a mixture of 3-hydroxy-4* 
methoxybenzaldehyde (lOOg, 0.66mol) and cyclopentyl bromide (98g, 

25 0.66mol) in anhydrous DMF (500ml). The reaction mixture was stirred at 
RT for 16h then treated with a further portion of cyclopentyl bromide (98g. 
0.66mol) and CS2CO3 (21 4g, 0.66mol). After a further 6h at RT, the 
mixture was filtered and concentrated in vacua. The residue was 
dissolved in CH2CI2 (300ml) and washed with NaOH solution (10%; 

30 2x150mi). The organic layer was dried (MgS04), concentrated in vacuo. 
and distilled (150^C, lO-^mbar) to afford the title compound (130g) as a 
viscous colourless oil. 5h (CDCI3) 1.5-2.0 (8H. br m, CJhl2)4). 3.87 (3H, s. 
OMe), 4.80 (1H, br m, OCHCH2), 6.90 (1H. d, A 8.7H2, ArH ortho to OMe), 
7.30-7.45 (2H. m, 2xArilmfila to OMe). and 9.77 (IN, s, ArCUO). 

35 

INTERMEDIATE 2 



« • 
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a) (3-Cvclopentvloxv-4-methoxvDhenv l^Dhenvlketone 
Phenyllithium (1.5M in ether-cyclohexane. 33.5ml, SOmmol) was added 
dropwise to a solution of Intermediate 1 (lO.Og, 45.4mmol) in THF (50ml) 
at about -55<^C. The reaction mixture was allowed to warm to RT 

5 overnight then diluted with water (100ml) and extracted with EtaO 
(3x50ml). The organic extract was washed with aqueous HCI (1%. 70ml). 
brine (100ml), then dried (MgS04), and concentrated ^L±2£Ufl to afford 1: 
f 3-cvcloDentv!oxv-4-methoxyDhenvlV1 .phsnvlmethanol ( 1 3.4a) as a white 
solid, m.p. 82.5-830C: 5h (CDCI3) 1.5-2.0 (8H, br, m. (Chb)4). 2.30 (1H. 

10 br. s, OH). 3.77 (3H. s. OMe). 4.68 (1H. br. m, OCIICH2). 5.77 (1H. s, 
CMOH), 6.75-6.85 (3H. m. Aiti fidbfi to OMe -i- 2xArti jofita to OMe). and 
7.15-7.4 (5H, m. CeHs); m/Z 298 (M+ 20%), 230 (50), 151 (30). 125 (100). 
124 (33). 105 (38). and 92 (22). 

The alcohol (prepared above) (13.4g, 44.8mmol) was dissolved in CH2CI2 
15 (150ml) and treated with MnOa (22g). The reaction mixture was 
vigorously stirred at RT for 18h then treated with a further portion of MnOa 
(20g). More Mn02 {20g) was added after 10h and the mixture stin-ed for 
18h then filtered through Celite® and concentrated in vacuo. The residue 
was recrystallised from EtOH to afford the title comoound (11.27g; two 
20 crops) as a white crystalline solid m.p. 59-7500; Sh (CDCb) 1.5-2.1 (8H. 
br, m. (Cm*), 3.88 (3H, s, OMe), 4.80 (1H, br m, OCtiCHa), 6.83 (1H. d. 
J 8.5 Hz, ArHflfltiQ to OMe), and 7.25-7.8 (7H. m. 2xArll msia to OMe + 
CeHs): m/Z 296 (M+ 11%), 229 (17). 228 (95). 152 (12). 151 (100), 105 
(30). 77 (21), and 41 (10). 

25 

b) f3-Cyclopentvloxv-4-met hoxvphenvW2-methoxvDhenvnketone 
From Intemiediate 4 (1.35g, S.Ommol) and 2-methoxybenzaldehyde 
(0.68g. 5.0mmol). Chromatography (SiOa; EtOAc/hexane, 1:1) afforded 
the title ctMntiound (1.43g) as a white solid (Found: 0, 73.53. H. 6.86. 

30 C20H22O4 requires C. 73.60; H. 6.79%); m/L (El) 326 (M+. 28%), 258 
(65). 241 (82). 151 (67), 138 (32). 135 (100), and 121 (45). 

IffTERMEDIATES 
S-Bromo-2.methoxvphBnol 
35 A solution of 5-bromo-2-methoxybenzaldehyde (lOOg, 0.46mol) in CHCI3 
(250ml) was cooled with an ice bath and 2-chloroperoxybenzoic acid (50- 
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60% purity) (146g, O.SImol) in CHCI3 (lOOOmi) added. The reaction 
mixture was allowed to warm slowly to room temperatur and stirred for 
72h. The white solid was filtered off and the filtrate concentrated iojacufi. 
The residue was dissolved in Et20 (200ml) and washed with 1M sodium 

5 sulphite solution (2)(200ml) then NaHCOs [half saturated] (3)(200ml). The 
ether layer was washed with 10% aqueous NaOH (3x1 00ml) and the 
combined basic extract was acidified with concentrated hydrochloric acid 
and extracted with EtaO (3x100ml). The combined organic extract was 
dried (MgS04) and florisil (10g) filtered and the solvent removed under 

1 0 reduced pressure to give the title compound (90g) as a pale brown solid. 

INTERMEDIATE 4 
A-Bromo-2.cvcloDentvloxvanisole 

intermediate 3 (90g)was dissolved in DMF (300ml), and treated with 
15 CsaCQs (158g. 490mmol). and cyclopentyl bromide (73g, 52.5mi, 
490mmol). After stirring overnight, further CS2CO3 (35g, 107mmo!) and 
cyclopentylbromtde (12ml, 16.7g, 112mmol) were added and stirring 
continued for 2h. Further portions of cyclopentylbromide (10ml) and 
CS2CO3 were then added (14g). After stirring for 1h, the DMF was 
20 evaporated in vacuo and the residue diluted with water (200 ml) and 
extracted with EtgO (3x100ml). The combined organic extract was washed 
with NaOH solution (5%. 2x100ml). water (100ml), then dried (MgS04) 
and the solvent evaporated i[LmajQ to give a red oil which was distilled 
(1400C, 0.3mbar) to afford the title compound (lOlg) as a colourless oil 
25 (Found: C. 53.11; H. 5.53. Ci2Hi5Br02 requires C, 53.15; H. 5.58%). 

INTERMEDIATE 5 

a) (3-CvcloDent vloxv-4-methoxvDhenvnf4-Dvridvnketone 

Q-BuLi (1.45M in hexanes; 19.6ml, 28.4mmoi) was added dropwise at 

30 -700C to a solution of Intermediate 4(7.0g. 25.8mmol) in THF (50ml). 
After stimng for 0.25h. a solution of 4-cyanopyridine (3.08g, 29.7mmol) in 
THF (15ml) was added and maintained at -70PC for 0.75h. The reaction 
mixture was then allowed to wamn to -lO^C and quenched with aqueous 
HCI (10%; 60ml). The mixture was stirred for O.Sh, basified with aqueous 

35 NaOH (10%. 70ml), and extracted with EtaO (3x70ml). The extract was 
washed with brine (100ml), dried (MgS04). and concentrated in vacuo. 
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The residue was subjected to chromatography (SiOa: EtOAc/hexane. 4:1) 
to afford the title compound (6.34g) as a white powder. Sh (CDCI3) 1.5-1 .9 
(8H. br m. (0^2)4). 3.90 (3H. s, OMe). 4.82 (1H. br m, OCHCHa). 6.84 
(1 H, d, i 8.4 Hz, Aril ortho to OMe) 7.29 (1 H. dd. J 8.4. 2.0 Hz, ArH caca 
5 to cyclopentyloxy), 7.4-7.55 (3H, m, ArUfidtlQ to cyclopentyloxy -i- 
pyridine Ua. tis). and a73 (2H. dd. i 4.4 Hz. 1 .5 Hz, pyridine Ida. tie). 

b) f3-CvclopentyloxY-4-niethoyyphenvlV4-methvlDhenvnketone 
From Intermediate 4 (2.7lg, lOmmol) and 4-methylbenzonitrile (l.17g, 

10 lOmmol). Chromatography (SiOa; EtaO/hexane, 1:1) afforded the lilla 
eomoQund (1.80g) as a white solid; Sh (80MHz; CDCI3) 1.5-2.1 (8H. br m. 
(Ctl2)4). 2.44 (3H. s. ArMe), 3.92 (3H, s, OMe), 4.83 (1H, br m, OCM). 
6.87 (1 H, d, J 8.3 Hz. AiH ortho to OMe), 7.27 (2H, d, i 8.0 Hz, ArM ortho 
to OMe). 7.36 (1H. dd, i 8.3, 2.0Hz, ArUcaca to cyclopentyloxy), 7.43 

15 (1H. d, i 2.0Hz, AiUsziltlQ cyclopentyloxy), and 7.68 (2H. sa d. i 8.0Hz. 
ArhmfitatoMe). 

c) r3-CvcloDentvloxv.4-m6thoxvDhenvnr4.methoxvDhenvnketone 
From Intermediate 35 (2.17g, lO.Ommol) and 4-bromoanisole (1.82g, 

20 10.0mmol). Chromatography (SlOo: EtOAc/hexane. 1:1) afforded the title 
eomtiound (2.88g) as a white solid; Sh (80MHz: CDCb) 1.45-2.05 (8H. br 
m, (01^2)4). 3.90 (3H. s. OMe). 3.94 (3H. s. OMe). 4.83 (1H. br m. OCld). 
6.90 (1H. d, i 8.5Hz. ArMme]^ to cyclopentyloxy), 6.94 (2H. ca. d. J ea. 
8.3Hz. ArM meta to OMe). 7.35 (1H, dd. i 8.5, 2.0Hz. ArU caca to OMe). 

25 7.40 (1 H, d, J 2.0Hz, Artl ortho to cyclopentyloxy), and 7.80 (2H, ca* d, i 
8.3 Hz, ArH ortho to OMe), m/z (El) 326 (M+, 35%), 259 (35), 258 (97). 
227 (40), 151 (80), 135 (100), 77 (22), and 41 (28). 

d) f3-CvcloDentvloxv-4.m6thoxvDhenvlW3-methoxvphenvi^ketone 
30 From intermediate 34 (2.17g, lO.Ommol) and 3-bromoanisole (1.82g. 

lO.Ommol). Chromatography (Si02; EtOAc/hexane, 1:1) afforded the title 
compound (2.a7g) as a white solid (Found: C. 73.60; H, 6.73. C20H22O4 
requires C, 73.60; H,6.79%); m/i(EI)327(M+ + 1,15%),326(M+ + 67), 
259 (42), 258 (98). 241 (16), 227 (18), 152 (20). 151 (100). 135 (40), and 
35 83(17). 
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INTgRMEDIATE 6 

(P\ and (Ti isom rs of 4.ri-f3-Hvdro xv-4.methoxvDhenvn-2-(4-Pvridvn 
ethenvllpyridine 

A solution of the alcohol of Example 2 (0.72g, 1.85mmol) in toluene 
5 (120ml) containing 4-toluenesulphonic acid (0.88g, 4.6mmol) was heated 
to reflux in a Dean-Starl< apparatus for 18h. The cooled reaction mixture 
was treated with aqueous NaOH (10%) then taken to pH 7 with 
concentrated hydrochloric acid. The mbcture was extracted with CH2CI2 
(3x40ml), the extract washed with saturated NaHCOa (100ml). and 
1 0 Na2C03 (1 0%;2x60ml), then dried (MgS04). and concentrated In vaQVQ to 
afford the titifl cQmoound (0.4g) as a yellow foam; 5h (CDCI3) (major 
isomer) 3.88 (3H, s. OMe). 6.6-6.9 (6H, m. ArhLoiltlffl to OMe + 2xArll 
mfita to OMe + C=Ctl + pyridine tb. Ms). 7.08 (2H, dd. 1 4.6, 1.6 Hz. 
pyridine hb. Ms). 8.30 (2H. dd. i 4.5. 1.6 Hz, pyridine M2. He), and 8.51 
15 (2H, dd. 1 4.4, 1.6 Hz, pyridine tb. iie), [the minor Isomer displays a 
signal at S 3.90 (3H. s. OMe)]. 

INTgBMEDIATE 7 

a) (g> and m isomers of 4-r2- /a.CvelQPentvloxv^methOXV- 

20 phenviVg-phpnvlethenvn pyridine 

The alcohol of Example la (3.13g, 8.05mmol) was dissolved in toluene 
(70ml) containing 4-toluenesulphonic acid monohydrate (1.91g, 
lO.OSmmol) and the mixture heated to reflux for 1h. The reaction mixture 
was poured into aqueous NaOH (10%; 10(^1) and stirred for 5 min. The 

25 mixture was extracted wtth EtjO (3x70ml) and the organic extract washed 
with water (80ml), and brine (80ml). then dried (MgS04), and concentrated 
in vacuo t a afford the titia compound (3.0g) as a viscous pale yellow oil. 8h 
(CDCI3) 1.5-2.1 (8H. br m, (0112)4). 3.82 (major) and 3.84 (minor) (3H. s, 
0M9). 4.8 (1H. br m. OChlCHa), 6.6-7.4 (11H, m. ArJlorthO to OMe + 

30 gxArH meta to OMe + C6tl5+ pyridine ids. tls). and 8.2 - 8.35 (2H, m, 
pyridine Ida. H6>. mfz 372 (M+ + 1. 12%). 371 (M+, 40). 304 (21), 303 
(100). 302 (72) and 274 (22). 

The following compounds were prepared using a similar procedure: 

35 
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b) (E^ and IZ\ iso mars of 2-r2-f3.Cvcl Dentvloxv-4.meth xv- 
phenvl)-2-phenvlethenvn pyrazine 

From the alcohol of Example lb (570mg, 1.5mmol) and 4-toluene 
sulphonic acid (about 20mg). Upon completion, the reaction mixture was 

5 concentrated in vacuo then subjected to chromatography (Si02; EtaO) to 
afford the title compound (520mg) as a colourless oil. Sh (CDCb) 1.5-2.0 
(8H. br m. (Cjd2)4). 3.84 and 3.86 (3H. s. OMe). 4.58 and 4.72 (1H. br m, 
OCH), 6.65-7.5 (9H, m, CeHs+C^CH+ArHOEitlG to OMe+2xAitl msta to 
OMe), 7.90 and 8.04 {1H, d, d 1.5Hz, pyrazine ib), 8.18 and 8.21 (1H. d. 

1 0 J 2.5Hz. pyrazine Me), and 8.45 and 8.48 (1 H, m. pyrazine Jds)- 

c) (E) and (Z\ Isomers of 3-r2-/3-CvcloDentvloxv-4-methoxv- 

phenYlh2-ph9nYlethgnyn-^-fngtrtQxvpvr9zing 
From the compound of Example 7a (2.94g, 7.0mmoi) and 4-toluene- 
1 5 sulphonic acid (about 20mg) as described for Intermediate 7b to afford the 

title eomoound f2.67q) as a yellow oil. 5h (CDCI3) 1 .5-2.0 (8H, br m. 
(CH2)4), 3.80, 3.81, 3.83, 3.86 (2 x 3H, s. 2 x OMe). 4.50, 4.70 (1H, br m. 
OCU). 6.60-7.5 (9H. m, CeUs + C = Ctl + ArH ortho to OMe + 2 x Arti 
meta to OMe) and 7.7-7.95 (2H, m. pyrazine hb, ids). 

20 

d) (i) fEU-r2-f3-Cvclooentvloxv-4-methoxvDhenvlV2-Dhenvlethenvn- 

a.5-dtehloroPY!ltfne 

(ii) fa4-r2.f3-CvctoDentvtoxv«4-methoxvDhenvH-2-Dhenvlgthenyn 

-3.5-acWgrppYrltfne 

25 From the compound of Example 1c (1.60g. 3.58mmol) and 4-toluene- 
sulphonic acid (0.85g). Purification by column chromatography (Si02; 
CH2CI2) afforded: 

i) (E) title compound (960mg) as an off-white solid m.p. 1 38.5-1 400C. 5h 

(CDCI3) 1.5-2.0 (8H, br m, (0^2)4). 3.88 (3H, s. OMe). 4.72 (1H, br m. 
30 OCm. 6.59 (1 H. s. C=CH), 6.85 (1 H. d. J 8.4Hz. ArU ortho to OMe), 6.90 

(IN, d, i 2.0Hz, ArHiltltlQ to cyclopentyloxy). 6.95 (1H. dd, 1 8.4. 2.0Hz. 

Artlcaa to cyclopentyloxy), 7.0-7.1 (2H, m, ti2. tie of CeHs), 7.15-7.3 

(3H, m. H3, hA, Us of CeHs), and 8.35 (2H. s. pyridine tb. He). 

and ii) (Z) title compound (240mg) as an off-white solid, m.p. 155- 
35 156.50C. 5h (CDCI3) 1.4-1.8 (8H, br m (CH2k). 3.80 (3H, s. OMe). 4.42 

(1H, br m OCtl). 6.52 (1H, d. d 2.0 OHz,m ArEflatlfito cyclopentyloxy). 
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6.56 (1H, s. C=CH). 6.57 (IH, dd, i 8.4. 2.0 Hz, ArHcaia to cyclopentyl- 
oxy). 6.68 (1 H. d. J 8.4 Hz, AiUfldtlQ to OMe), 7.3-7.45 (5H,m, Ceids), and 
8.37 (2H. s. pyridine ^2. his). 

5 e) (E) andiTi isomers of 3-r2-f3-Cvclopentvtoxv-4-methoxv 
Dhenviwa-phenvlathenvllpyridazine 
From the compound of Example 7b (4.0g). Purification by cliromatography 
(Si02; EtgO) afforded the title compound (2.07g) as a pale yellow solid 
(Found: C. 77.59; H, 6.49; N, 7.24. C24H24N2O2 requires C, 77.39; H. 

10 6.50; N. 7.52%); 5h (CDCI3) 1.5-1.9 (8H, br m. (CJd2)4). 3.88 ,3.90 (3H, 
s. OMe). 4.58, 4.70 (IN. br m, OCU). 6.6-7.5 (11H. m, Cetis+Cetia+CsCil 
+ pyridazine il4, Us* ). and 8.85-8.90 (1 H, m, pyridazine He) ('Hnmr 
indicates a 3:2 E/Z ratio); m/z. (ESI) 396 (M.'^.t-UNa. 57%). 395 
(M++Na.1G0). 374 (66), 373 (78), and 305 (16). 

15 

f) tm andm laomers of 2.r2-<3.(^yeloogntvloxv-4-methoxv 
phenvtV2-phenvlethenyl>4-nigthvlDvrldine 

From the compound of Example 7c (1.1 5g. 2.85mmol). Purification by 
chromatography (Si02; EtOAc) afforded the title compound (1.2g) as a 
20 pale yellow solid; 5h (CDCI3) 1.4-1.9 (8H. br m, (Cti2)4). 2.04 (major), 
2.09 (minor) (3H, pyridine Me), 3.85 (major), 3.88 (minor) (3H, s, OMe). 
4.58 (minor, 4.72 (major) (IH. br m, OCtL). 6.4-7.5 (11H. m, 
Cebls-t^eiis-i-pyridine tis. M5+ CsCM). 8.5-8.55 (IH, m. pyridine Jds). 
'Hn.m.r indicates a 2:1 E/Z ratio. 

25 

g) (g) an<< g) isomgrs of 4'rg-(3-CYCtgwntYtqxy-4-mgthQxy 

phenvl)-2-phenvtethenvnpvrimidine 

From the compound of Example 7d (2.55g). Purification by 
chromatography (Si02; Et20) afforded the title compound (1.20g) as a 
30 pale yellow foam; 5h (CDCI3) 1 .5-2.0 (8H, br m, (Chl2)4), 3.88,3.90 (3H, 
s, OMe), 4.60. 4.70 (IH. br m, OCil). 6.44, 6.64 (IH, d. J. 5.2Hz, 
pyrimidine tis). 6.65-7,0 (3H, m, Cetb). 7.2-7.45 (6H, m, Cetis+CaCtl ), 
8.26, 8.32 (IH. d. 1 5.2Hz, pyrimidine Me) . and 9.10. 9.12 (IH. ca s. 
pyrimidine Idb). 

35 

h) (E^ and i7) Isomers of 4.f2.f3.Cyclopentvloxv-4-meth xv 
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phenyl>.2-r3.met h xvohenvnethenvllDyridine 
From the compound of Example 2b. Chromatography (SiOa: EtOAc) 
afforded the tiHe ftompound as a yellow oil (0.90g). 

5 i) f e\ and m Iso mars of A-fg-f 3.CvelopentvtOXV-4-methOXV 

ph«nviv.242^nflthoxvDhenvl)ethenvllDVridine 
From the compound of Example 2c. Chromatography (Si02: EtOAc) 
affnrrifld tha title eomound as a vellow Oil (0.75g). 

10 INTERMEDIATE 8 

(F\ and m Isomers of A.ri-f3.Cvelopentvloxv-4-methQXVPhenvlV2-f4- 
PYTirix/ltethenvn pyridine 

A mfarture of Intermediate 6 (0.48g,1.58mmol), CS2CO3 (0.56g,1.73mmol), 
and cyclopentyl bromide {0.26g. 1.743mmol) In DMF (20ml) was stin-ed at 

15 RT overnight. A further portion of CS2CO3 (0.20g,0.61mmol) and 
cyclopentyl bromide (0.28g, 1.86mmol) was added, the mixture stirred for 
1.5h then concentrated in vacuo . The residue was subjected to chromato- 
graphy (SiOa: EtOAc/CHsOH/EtsN, 100:1:0.4) to afford the title cgmpQund 
(0.42g) as a white solid, m.p. 136-1380C (cyclohexane); ^ (CDCI3) 1.5- 

20 2.Q (8H. br m (Chl2)4), 3.84 (3H. s, OMe). 4.65 (1 H. br m 0CilCH2). 6.7- 
6.9 (6H, m, ArH ortho to 0Me+2xArtl mflla to OMe+CsCH + pyridine 
baiis ). 7.08 (2H. dd. 1 4.5, 1.5 Hz. pyridine pyridine bs*. Us'). 8.32 (2H, 
dm. A 5.0 Hz pyridine tiz. tie), and 8.55 (2H, dd. J 4.5, 1.5Hz. pyridine ld2'. 
Uff); m/Z 372 (M+28%). 305 (37), 304 (100), 303 (95), 275 (18). and 41 

25 (18) 

INTERMEDIATE 9 

i^a-Cveiopentvloyv-4-methox vphBnvlV1-phenvl6thene 

To a cold suspension (0°C) of methyl triphenylphosphonlum bromide 

30 (53.6g; 0.15mol) In THF (500ml) under a nitrogen atmosphere was added 
n-BuLi (1.6M in hexanes; 94ml, 0.15mol) dropwise and the reaction 
mixture stirred at 0°C for 1h. A solution of Intermediate 2 (29.6g, 0.1 mol) 
in THF (100ml) was added dropwise and the stirred reaction mixture 
allowed to warm to RT over 3h. The mixture was poured into 10% NH4CI 

35 solution (600ml) and extracted with CH2CI2 (2x500ml). The combined 
organic layer was dried (MgS04). filtered and concentrated in V9QUQ- The 
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residual slurry was triturated with hot hexane (500ml), the precipitated 
phosphine oxide filtered off and the filtrate evaporated in vacuo to yield the 
title compound {28.85g) as a yellow oil. 5h (CDCI3) 1 .5-2,0 (8H, br m, 
(Cti2)4), 3.85 (3H, s. OMe), 4.71 (1H, br m. OCU). 5-38 (2H. dd. 1 10.5. 
5 1 .3Hz, C=CH2), 6.75-6.9 (3H. m, Cetia). and 7.3-7.5 (5H, m, Ceils) . 

INTERMEPIATE 10 

a) (E) and (Z^ Isomers of 442-f 3-Cvclopentvloxv-4>methoxv 

phgnYl)-^-phgnylqth9nYll ph^npl 

10 A mixture of Intermediate 9 (2.94g. lOmmol), 4-bromophenol (2.16g, 
12.5mmol), EtsN (2.52g, 25mmol), tri-12-tolyl phosphine (0.06g, 0.2mmol) 
and palladium acetate (0.022g, O.lmmol) was heated in a bomb at 140^0 
for 16h. Upon cooling, the reaction mixture was diluted with NH4CI (10%; 
50ml) and CH2CI2 (50ml). The organic layer was separated and the 

15 aqueous layer extracted with CH2CI2 (50ml). The combined organic layer 
was dried (MgS04), filtered and concentrated. Purification by column 
chromatography (SiOa; hexahe/Et20,1:1) yielded the title compound (i:i 
mixture of isomers) (O.Bg) as a yellow foam. Sh (CDCb) 1 .2-1 .9 (BH, br m, 
(Cld2)4). 3.81, 3,83 (3H, s, OMe). 4.59, 4.69 (1H, br m. OCfcl), 5.5, 5.63 

20 (1H, br s. OJd), 6.55-7.0 (8H, m, C6tb+C6tl4+C=CU), and 7.15-7,35 (5H, 
m, Cetls) [N.B. 'Hn.m.r. indicates ca 1:1E/Z mixture of isomers); m/z (ESI) 
410 (M++1+Na,18%). 409 (M++Na.100) 387 (M++1. 62), 319 (38), 318 
(22), 301 (19), 236 (22), and 135 (20). 

25 The following compounds were prepared using a similar procedure: 

b) (g) sntf iZ) (somgrs of 3-[?-(3-QYClQpentvipxy-4-m?thQXY 
pheny()>^phgnyl9thepYn t?gnzpip scW 

From Intermediate 9 (2.94g, lOmmol) and 3-bromobenzoic acid (5.03g, 
30 25mmol). Purification by column chromatography [SiO2;10%, CH3OH/ 
CH2CI2] furnished the title compounds (2g) as a viscous yellow oiL Sh 
(CDCI3) 1.45-2.0 (8H, br m, (CU2)4),,3-86, 3.87 (3H, s, OMe), 4.55, 4.7 
(1H, br m, OCH), 6,65-8.25 (13H, m,"c6tl5+C6H4+C6ll3+C=C]d), (C02tl 
not observed) [N.B. 'Hn.m.r. indicates q^V.IE/Z mixture of isomers]; a/Z 
35 (ESI) 437 (M++23, 60%), 301 (67), 281 (100), and 259 (52). 
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c) IB) and fZ^ isomers of 4-r2- f 3.CvcloDentvloxv-4-methoxv 
phenvl)'2-phenvlethenyn anisole 

From Intermediate 9 (1.l9g, 4.04mmol) and 4-bromoanisole (0.757g, 
4.05mmol). Purification by column chromatography [SiOa; hexane/Et20. 

5 4: 1 ] furnished the title compounds (0.7eg) as a yellow oil. 5h (COCI3) 1 .5- 
2.0 (8H, br m. (0^2)4). 3.72, 3.73 (3H. s. OMe). 3.82. 3.86 (3H. s, OMe), 
4.58, 4.67 (1H. br m. OCH), 6.6-6.9 (6H, m. C6ti3+2xArlt fldtia to 
OMe+C=Cld). 6.93. 7.00 (2H, d. J 8.5Hz. 2xArl±msia to OMe) and 7.15- 
7.35 (5H, m, Cehls) [N.B. 'Hn.m.r. indicates ca 1:1E/Z mixture of isomers]; 

10 m/z (ESI) 424 (M++1+Na, 20%), 423 (M++Na, 100%). 374 (12). 281 (20). 
198 (12). 132 (12) and 86 (12). 

d) (E^ and (Z\ isomers of Methvl 4-r2.r3.CvcloDentvloxv-4- 
methoxvDhenvlV2-Dtienvlethenvnbenzoate 

15 From intennediate 9 (2.94g. lOmmol) and methyl 4-bromobenzoate 
(2.69g. 12.5mmol) to afford the tlHa eompounds (3.35g) as a yellow gum; 
5h (CDCI3) 1.4-2.0 (8H, brm, {Cti2l4). 3.86, 3.87 (6H. s, 0Me+C02Me). 
4.54. 4.67 (1H, br m, OCU). 6.6-7,4 (11H, m. C6ti5+C6hb+C=Cll+2xArll 
meta to COaMe), and 7.75-7.85 (2H, m, 2xArtl QIltlQ to COaMe) [N.B. 

20 'i4n.m.r. indicates sa 1 :1 E/Z mixture of isomers]; id/2 (ESI) 429 (M'^'+l-^-Na, 
28%), 362 (1 8), 361 (28), 330 (70), and 329 (68). 

e) (E) antf fg) isomgre of 3-r2-(3-CYClQwntYlQXY-4-fngthgxY- 
ph8nvl)-^phfflYl?thgnYnpYrMlTO 

25 From intermediate 9 (I.OOg, 3.4mmol) and 3-bromopyridine (1.28g, 
8.1mmol). Purification by chromatorgaphy (SiOz; EtaO) afforded the title 
compound (O.SOg) as a pale yellow gum; 5h (CDCI3) 1.45-2.0 (8H, br m, 
(0^2)4), 3.85 (major), 3.87 (minor) (3H, s, OM.e), 4.55 (minor), 4.69 
(major) (1H, br m, OCtl), 6.65-7.5 (11H, m, Cehls+Cetb+pyridine Jtl4,hl5+ 

30 CsQ. and 8.2-8.45 (2H, m, pyridine ^2^16). 

INTERMePfATE 11 

(E> and m isomers of 4.r2-f3.CvclODentvloxv^methoxvDhenvlV-2- 

Phenyl^thenvn apetoxyften?ene 

35 To a stirred solution of Intermediate 10a (0.2g, 0.52mmol) in CHaClz (5ml), 
under a nitrogen atmosphere, was added EtsN (O.IOIg, 0.14ml, immol) 
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followed by acetyl chloride (0.0785g, 0-071 ml, Immol). The reaction 
mixture was stirred at RT for 4h then poured into saturated NaHCOs 
(10ml). The organic layer was separated and the aqueous layer extracted 
with CH2CI2. The combined organic layer was dried (MgS04). filtered, 
5 and the solvent removed in vacuo to furnish the title compounds (0.222g) 
as a colourless oil. Sh (COCI3) 1.5*1.9 (8H, br m, {Ctk)4h 2.23, 2.24 (3H, 
s. OCOMe), 3-83, 3.86 (3H, OMe), 4.56, 4.67 (1H, br m, OCb), and 6.7- 

7.4 (13H. m, C6ll5+C6tl4+C6U3+C=ChD [N.B. 'Hn.m.r. indicates ca 1:1 E/Z 
mixture of Isomers]; miz (ESI) (M'^+Na, 100% ), 319 (20), 281 (29). 191 

10 (48), 127 (50) and 55 (54). 

INTERMEDIATE 12 

(E) gntf g) tgpmgrs p< Mgthvl Hg-f3"PYg'ppg»ty|oxy'4'ffiethpxy 

DhQnylV-2>Dhenvlethenvl1ben2oate 

15 To a cold (O^C) solution of Intermediate 10b (0.25g, 0.6mmol) in CH3OH 
(20ml) was added SOCI2 (0.357g,0.22ml,3mmol) dropwise and the reaction 
mixture was stined at RT for 3h. The solvent was evaporated in vacuo, the 
residue dissolved in CH2CI2 (20ml) and washed with saturated NaHCOs 
(20ml). The organic phase was separated and the aqueous phase 

20 extracted with CHaCia (20ml). The combined organic layer was dried 
(MgS04), filtered and the solvent evaporated in vacuo to yield the \\\\^ 
compound (0.21 5g) as a yellow oil. 5h (CDCI3) 1.4-2.0 (8H,'br m, (Ctl2)4). 
3.82, 3.83, 3.84, 3.85 (6H, s, OMe + COaMe). 4.54, 4.69 (1H, br m, OCil), 
and 6.65-7.85 (13H, m, CeHs'^Bii4'^6^^3'^=CiQ [N.B. *Hn.m.r. indicates 

25 ca 1 :1 E/Z mixture of isomers]; m/z (ESI) 429 ( M^-hI . 25%). 361 (22). 329 
(100), 159 (12), 102 (15). and 60 (75). 

INTERMEDIATe 13 

mhvl (g)-f3-CYg|ppgntYlPXY'4'mgthPXYPhgpy»)'2-(4'pyritfYl) 
30 prppgnpate 

A mixture of Intermediate 1 (26.62g, 0.12mol), ethyi-4-pyridylacetate 
(19.92g, 0.12mol, leq) and ammonium acetate (18.63g, 0.24g, 2eq) in 
glacial acetic acid (200ml) was stin-ed at 120<>C under nitrogen for 20h. 
The solution was cooled to RT and the acid removed in vact^o . The 
35 orangy/brown residue was taken up in saturated NaHCOs solution to pH 

8.5 and the aqueous layer extracted several times with EtOAc. The 
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combined organic layer was washed (brine), dried (MgS04) and 
evaporated to dryness to give a yellow solid. Recrystallisation from 
toluene/hexane (1st crop) then toluene (2nd crop) followed by column 
chromatography (hexane-EtOAc/hexane. 7:3) gave the t'tle CQmPOund as a 

5 whitecrystallinesolid.m.p. 109-1 10OC. 6h (CDCI3) 1^7(3H, t, i 7.1Hz, 
CH2CH3). 1.45-1.8 (8H, br m, cyclopentyl H's). 3.81 (3H, s, OMe), 4.16 
(1 H. br m. OCH). 4.25 (2H.q. i 7.1 Hz. CifeCHs), 6.43 (1 H, d J 2.0 Hz, ArU 
orthQ to cydopentyloxy), 6.73 (1H, d, J 8.4 Hz. Arfcl ortho to OMe). 6.80 
(1H, dd, J 2.0 . 8.4 Hz, ArH cata to cydopentyloxy). 7.22 (2H. dd. i 1.6, 

10 4.5Hz, pyridine tb. Ms). 7.83 (1H. s. JIC = C) and 8.64 (2H, dd. i 1.6. 4.5 
Hz, pyridine U2, M^- 

INTERMEDIATE 14 

Ethyl 3-f3-CvelQDentvlQyv-4-met ho»vDhenvi\.3.r4.fluoroDhcnvlV2.(4- 

15 pvridvlteronanpata 

4-Ruorophenylmagnesium bromide (2M in EtaO; 20.4ml. 40.8mmoi) was 
added dropwise at -40^0 over 20min to a suspension of copper (I) 
bromide-dimethyl sulphide complex (4.1 7g, 20.4mmol) in THF (50ml). The 
reaction mixture was warmed to -lO^C over 15 min and a solution of 

20 Inteirmediate 1 3 (5g. 13.6mmol) in THF (25ml) was added dropwise over 1 5 
min. The reaction mixture was allowed to ynam slowly (about 2h) to RT, 
and quenched with saturated aqueous NHaCI (30ml). The organic phase 
was extracted and evaporated. The concentrate was partitioned between 
EtOAc (ISOmt) and water (SOmI) and filtered through Celite®. The (M^anic 

25 extract was washed with 10% NH4OH (2 x 100ml) and brine (lOOmi). dried 
(MgS04) and evaporated to give a pale yellow gummy solid. Trituration 
with hot Et20 provided a white solid which was filtered off and washed with 
cold Et20. Purification by column chromatography (SiOa; EtOAc/hexane, 
1:1) furnished the title compound (2.2g) as a single isomer. 5h (CDCI3) 

30 1.05 (3H, t, COCHaCaa). 1.6-2.0 (8H. br m. (Cti2)4). 3.80 (3H, s, OCJdb). 
4.0 (2H. m. COCidz). 4.30 (1H, d, CilAr). 4.60 (1H. d. CUCOaEt). 4.80 (1H, 
m, CX;MCH2). 6.75-7.0 (7H, m. Ar), 7.25 (2H, d, Ar), 8.45 (2H, d, Ar). 



35 



INTERMEDIATE 15 
3.S.Diehloro.4.methvlDVridine 
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3,5-Dichloropyridine (2.04g, 13.5mmol) in THF (5ml) was added dropwise 
to a solution of LDA (prepared from diisopropylamine (1.9ml, 13.5mmol) 
and n-BuLi (1.6M: 8.4ml, 13.5mmol)] In THF (25ml) at -700C. After stimng 
at this temperature for 5 min, lodomethane (O.BSmt, 13.5 mmol) was 

5 added and the reaction mixture stirred for a further 1.5h at -70^0. 
Saturated NalHCOs (20ml) and CH2CI2 (20ml) were added, the organic 
phase separated, dried (MgS04). and concentrated /n vacuo. The residue 
was subjected to chromatography (SiOa; EtaO/hexane, 1:3) to afford the 
title compound n.16Q> as a pale yellow solid. Sh (CDCI3) 2.46 (3H. s, Me). 

1 0 and 8.36 (2H. s. pyridine M2. tie)- 

INTERMEDIATE 16 

Ethvia.f3.CvcloDentv loxv.4-methoxvDhenvlV-2-ethoxvcarbonvl 
pronenoata 

15 A mixture of Intennediate 1 (109.8. 499.1mmol). diethyl malonate (79.96. 
499.1 mmol), piperldine (2.5ml) and CH3CO2H (12ml) in toluene (700ml) 
was heated to reflux in a Dean-Stark apparatus for 20h. Further portions of 
diethyl malonate (9.6g, 59.9mmol), piperldine (2.5ml), and CH3CO2H 
(12ml) were added and heating continued as before for 15h. The reaction 

20 mixture was concentrated in vacuo to afford the title compound (21 7g) as 
a brown oil. 6h (CDCI3) 1.33 (6H, t. i 7.1Hz. 2xC02CH2Me). 1.5-2.05 (8H. 
br m. (Ca2)4). 3.88(3H, s. OMo), 4.30 (2H, q, J 7.1Hz. C02Ca2Me). 4.36 
(2H. q. i 7.1Hz. C02Cbl2Me), 4.73 (1H. br m. OChO, 6.85 (1H. d. i 8.1Hz, 
ArH ortho to OMe), 7.0-7.1 (2H. m. 2xAitlmfila to OMe). and 7.63 (1H, s. 

25 tiCsCC02B). 

IMTERMEDIATE 17 

niethvl2-rf3-CvcloDe irtvloxv.4-m6thoxvDhenvl>DhenvlmethvlDropan- 
1-3-dipat9 

30 Phenylmagnesium bromide (1.0M in THF;340ml, 340mmol. 1.29eq) was 
added over 1.5h to a solution of intermediate 16 (95.6g. 264mmol) in THF 
(200ml) at -60PC and stirred at this temperature for a further 5h. The 
reaction mixture was allowed to warm to -2QPC, quenched with 10% 
aqueous NH4CI (200ml). then extracted with EtOAc (3x1 00ml). The 

35 extract was dried (MgS04). concentrated in vacuo, the residual brown oil 
dissolved in EtOH and allowed to crystallise overnight to afford the litla 
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compound f74.9a) as a white solid, m.p. 97-980C. 5h (CDCb) 101 (6H, t, 
i 7.1Hz. COaCHzMe). 1.05 (3H. t, J 7.1Hz. COaCHaMe). 1.5-2.0 (8H. br 
m. (Ctl2)4). 3.77 (3H. S, OMe). 3.9-4.1 (4H. m. axCOaCtbMe). 4.26 (1H. 
d. i 12.1Hz. CHCHCOzB). 4.67 (1H. d. J 12.1 Hz. CHCHCOaEt), 4.71 
5 (1H. br m, OCtO, 6.7-6.85 (3H, m. Cehb). and 7.15-7.35 (5H. m, CeHs). 

lltfTgRMEDIATE 18 

?^iUivelopentvloxv-4^flthoxvp hanvlVa.DhenylpronanQie add 

A mechanically stirred solution of Intermediate 17 (70.3g, 0.160mol) In 

10 NaOH solution (Bid: 600ml) and dloxane (600ml) was heated to reflux for 
7h. The reaction mixture was cooled, concentrated hydrochloric acid (about 
400ml) added dropwise to pH4 and heating carried overnight to give a 
homogenous solution. The dioxane was removed in vacuo and the mixture 
partitioned between CH2CI2 (500ml) and H2O (500ml). The organic layer 

1 5 was separated and combined with further CH2CI2 extracts (3x1 50ml). The 
extract was dried (MgS04) and concentrated in vacuo to give the Sitla 
ftomnound (55g) as a yellow solid. Sh (CDCI3) 1.5-2.0 (8H. br m. (O^a). 
3.04 (2H. d. i7.9Hz. CHCH2CO2H). 3.80 (3H, S, OMe). 4.45 (1H. t. i 7.9Hz 
CHCH2CO2H). 4.70 (1H. br m, OCH). 6.7-6.8 (3H. m. Cetb). and 7.15- 

20 7.35 (5H.m, C6b5)(N.B.C02!l not observed). 

IhTTERMEDIATE 19 

!U f;^f^tslopentvlQxv-4^ethoxvp henvtV3.phenvlprQpanovl chloride 
SCX)i2 (14.8ml. 24. lg. 3eq) was added to a solution of Intermediate 18 

25 (23.0g, 67.5mmol) In CHaCIa (250ml) and then heated to reflux for 6h. 
The reaction mixture was allowed to stir at RT overnight then concentrated 
in vacuo to afford the title compound (23.7g) as a dark brown oil. 5h 
(CDCI3) 1.5-2.0 (8H. br m. (Cb2)4). 3.62 (2H. d. i 8.0Hz. CHCidaCCCI). 
3.82 (3H. s. OMe), 4.56 (1H. t, J 8.0Hz. CHCH2COCI), 4.73 (1H, br m, 

30 OCH). 6.7-6.85 (3H. m, Cetb). and 7.15-7.4 (5H, m, Cetls). 

INTERMEDIATE 20 

.';^3-Cvclopentvloxv-4.methoxvphenvlM-r2-(1.3-diox olanvm-5- 
pf^envl-3-Dentanone 
35 A solution of the Grignard reagent (1 .OM in THF. 29ml, 29.0mmol. 1 .2eq) 
[prepared from 2-(2-bromoethyl)-1,3-dioxolane (5.25g, 29.0mmol) and 



wo 94/14742 PCT/GB93/02625 



47 

magnesium (10.8g. 33mmol)] was added dropwise at -70°C to a solution 
of Intermediate 19 (a.7g, 24.3mmoi), in THF (200ml). The reaction 
mixture was stirred at -70^C for 0.5h, allowed to warm to RT over 1.75h 
then partitioned between Et20 (200ml) and aqueous NaOH (1M; 100ml). 

5 The organic layer was separated and combined with a further EtaO extract 
(150ml). The extract was washed with brine (50ml)»dried (MgS04) and 
concentrated in vacuo . Purification by column chromatography (Si02; 
20% EtOAC/hexane) furnished the title compound (3.95g) as an off-white 
waxy solid, m.p. 60-62OC. 5h (CDCI3) 1. 5-2,0 (10H, br m, (CH2)4 + 

10 Cld2CH2CO), 2.46 (2H, t, 1 7.5Hz. CH2CII2CO). 3.13 (2H, d. i 7.6Hz. 
CIICH2CO), 3.7.4.0 (4H, m. 0(Ctl2)20), 3.78 (3H, s, OMe). 4.53 (1H, t, i 
7.6 Hz, CJICH2CO), 4.68 (1H, m, ArOCM), 4.80 (1H. t. i 4.3Hz, OCHO), 
6.65-6.8 (3H. m, Ceiia). and 7.1.7.3 (5H, m, CeUs). 

15 1NTERM5P»AT^ g1 

fr{3-CYCIgpgnW(ffXY-4ingthPXYPh9nYlH^xp-g-phgnYH 

A solution of intermediate 20 (800mg) in a mixture of aqueous HCI (2M: 
5ml) and THF (15ml) was heated at about 45^0 for 1.5h. The reaction 
mixture was concentrated to low volume (about 5ml) and partitioned 

20 between Et20 (50ml) and H2O (10ml). The organic layer was separated 
and combined with a further Et20 extract (30ml). The extract was washed 
with saturated NaHCOs (40ml), then brine (10ml), dried (MgS04) and 
concentrated in vacuo . The residual orange oil was subjected to 
chromatography(Si02; Et20.hexane) to afford the title compound (450mg) 

25 as a pale yellow oil. Sh (CDCts) 1.5-2.0 (8H, br m. (CM2)4). 2.6-2.7 (4H, 
m. CHzCJdaCHO), 3.19 (2H, d, J 7.6H2, CHCM2CO). 3.79 (3H, s, OMe). 
4.52 (1H, t JL 7.6Hz. CliCH2C0). 4.70 (1H. br m. OCH), 6.7-6.8 (3H, m. 
ArH ortho to OMe + 2x Aittmsta to OMe), 7.1-7.3 (5H, m, CeHs), and 
9.71 (1H, s. CH2CIIO). 

30 

INTERMEDIATE 22 

Ethyl g'(3-CYclop9ntyioxY-4-niethoxYphenvl)-3-oxQ-5. 
phenylpentanoate 

n-BuLi (1.6M in hexanes; 29.3ml, 46.9mmot, 4.2eq) was added dropwise 
35 at '50^C to a solution of potassium ethyl malonate (2.95g, 22.3mmol. 
2.1eq) in THF (60ml). The reaction mixture was allowed to warm to -lO^C, 
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Stirred for 10 min, then recooled to -65°C and treated dropwise with a 
precooled solution of Intermediate 19 (4.0g, ll.lmmol) in THF (20ml). 
The reaction mixture was stirred at -65oC for 20 min, then poured into a 
stin-ed mixture of EtgO (100ml) and aqueous HCI (1M: 150ml). After 0.5h. 

5 the organic phase was separated and combined with further EtaO extracts 
(2x75ml). The extract was dried (MgS04). concentrated iuasuSL and the 
residual oil subjected to chromatography (SiC>2; 40% Et20-hexana) to 
afford a colourtess oil (3.4g) which crystallised on standing to give the litifi 
compound as a white solid, m.p. 56-580C (EtOH). 8h (CDCI3) 1 .24 (3H, t, 

10 1 7 Hz, C02CH2Me). 1-5-1.9 (8H. br m. {Cih)*). 3.27 (2H. d i 7.5Hz, 
CHCJJ2C0). 3.33 (2H, s. CtbCOaEt), 3.79 (3H, s, OMe), 4.14 (2H, q, i 7 
Hz, COaCaaMe). 4.52 (1H, t. i7.5Hz. CdCHaCO). 4.69 (1H. m, OCJd). 
6.7-6.8 (3H, m, Cetb). and 7.1-7.35 (5H, m, Cetls). 

15 INTERMEDIATE 23 

/4->4J2^3^vdroinM-mflthoxvphenvlV2-DhenvlethvnDvridlne 
The compound of Example 3a (430mg) In dioxane/water (20ml:10ml) 
containing concentrated H2SO4 (10ml) was heated at 90^0 for lh. The 
reaction mixture was cooled, neutralised with aqueous NaHCOa then 

20 concentrated in vacuo . The residue was partitioned between EtOAc 
(25ml) and H2O (15ml), and the organic phase separated. The extract 
was washed with brine (25ml), dried (MgS04) and concentrated in vacuo. 
The residue was recrystaliised (EtOH) to afford the title compound 
(240mg) as an off-white crystalline solid m.p. 195-1 970C (Found: C, 

25 78.66: H, 627; N. 4.59. C20H19NO2 requires C. 78.64; H, 6.18; N. 
4.42%); 8h (CDCI3) 3.30 (2H. d. i 8 Hz, CHCMa). 3.86 (3H. s. OMe), 4.13 
(1 H, t, A 8Hz, CHCH2). 5.7 (1 H, br s, OH). 6.63 (1 H, dd. i 8.3Hz, Aril caca 
to OH), 6.71 (1H, d, J 8.3Hz, ArJlfidbQ to OMe). 6.80 (1 H. d, i 2.2Hz, ArH 
ortho to OH), 6.93 (2H, dd, i 4.5. 1.5Hz, pyridine hb. bs), 7.1-7.3 (5H, m. 

30 GeHs), and 8.37 (2H, dd, J 4.5 ,1 .5Hz. pyridine il2,h!6). 

l^fTERMEDIATE 24 

^2S*.aSM and f2S».3RM Ethvi 3.f3.CvcloDentvloxvM-methoxvphenvlV 
3.r441.3-dioxolanvnphenvn-2-f4-DvridvltoroDanoate 
35 2-(4-bromophenyl)-1,3-dioxolane (3.25g, 14.2mml) In THF (10ml) was 
added dropwise to a stirred suspension of magnesium turnings 
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(358mg.14.8mmol) in THF (5ml) at 40-45^C. The resulting green solution 
was allowed to cool to RT and copper (1) chloride (28mg, 0.28mmol) was 
added. The reaction mixture was cooled to -SO^C. Intermediate 13 (4.34g, 
11.8mmol) in THF {15ml) added at -25^0 to -aooc. then stirred for 1h at 

5 and allowed to warm to RT over 2h. Saturated aqueous NH4CI 

(20ml) was added, THF removed in vacuo and the concentrate partitioned 
between Et20 (50ml) and water (50ml). The organic layer was separated* 
washed with brine (20ml), dried (MgS04)* and concentrated in vacy o. The 
residue was subjected to chromatography (SiOa; Et20 to Et20-EtOAc» 

10 1:1) to afford 

i) (2S*. 3R*V title Gomoound (1.45g) as a colourless gum; 5h (CDCI3) 
1.02 (3H, t. iZ.IHz, C02CH2Me), 1.5-2.0 (8H. brm. (Cil2)4). 3.70 (3H. s, 
OMa), 3.8-4.2 (6H, complex m, 0(CJJ2)0 + C02Clj2Me), 4.35 (1H, d, J 
8.0 Hz. CHCl±C02Et), 4.55 (1H. br m, OCO). 4.60 (1H, d, 1 8.0Hz, 
15 CilCHC02Et), 5,78 (IN. s. OCUO), 6.5-6.65 (3H. m. Cefcb). 7.22 (2H, d. J 
6.0Hz, pyridine Us, Hs). 7.35-7.5 (4H, m. C6tl4)t and 8.45 (2H. d. 1 6.0Hz, 
pyridine IjaJUs) and 

il) (2Sr 3SM ■ title compound fi,45fl) as a white solid; 5h (CDCb) 1.03 
(3H, t. i 7.1Hz, C02CH2Me), 1.5-2.0 (8H. br m. (CJd2)4). 3.80 (3H, s, 

20 OMe). 3.9-4.1 (6H, complex m, 0(CJi2)0 + C02Chl2Me), 4,36 (1H. d, 
8.0 Hz, CHCHC02Et), 4.60 (1 H, d. J 8.0Hz, CaCHC02Et), 4.78 (1 H, br m, 
OCH). 5.66 (1H, s, OCllO). 6.78 (1H, d, i 8.2Hz, ArM of CeHa), 6.85-6.95 
(2H, m. 2xArll of CeHs), 7.08 (2H, d, Jl 6.0Hz. 2xArll of C6II4). 7.15-7.3 
(4H, m. 2xArJl of C6ti4+pyridine tb. Ms)* and 8.42 (2H, ia*d, i e.OHz, 

25 pyridine tjl2il6) * 

INTCRMEDlATRgg 

trtfmprpmgthv>PhgnY>V2-f4-PvrWvl)prpp9npate 

30 4-Bromo(trifluoromethyl)benzene (3.43ml, 24.5mmot) was added dropwise 
to a suspension of magnesium turnings (614mg,25.3mmol) in Et20 (15mi). 
A crystal of iodine was added and the mixture gently wanned to initiate the 
reaction. The dark brown solution was then added dropwise jdat a syringe 
to a suspension of copper bromide-dimethyl sulphide complex (2.48g, 

35 12.24mmol) in THF (30ml) at -40^C. The red-brown suspension was 
allowed to warm to -20oC over 0.5h then re-cooled to -40^0 and treated 
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With a solution of Intermediate 13 (3.00g. 8.16mmol) in THF (15ml) over 5 
min. The reaction mixture was allowed to warm to RT over 2h. stirred 
overnight at RT. then heated at 400C for 3h. The reaction mixture was 
quenched with NH4CI solution (20ml), concentrated iiumsua. and the 

5 residue partitioned between EtOAc (50ml) and water (25ml). The mixture 
was filtered through Celite® and the organic layer was separated, washed 
with aqueous NH4OH (10%; 25ml). and brine (25ml), dried (MgS04). and 
cconcentrated iiuiacua to give a red-brown oily residue which was 
subjected to chromatography (SIO2: EtzO-hexane) to afford the tilla 

10 rnmnound (ca 1:1) (2.05g) as a pale yellow gum; 5h (CDCI3) 1.10-1.15 
(3H, m. COgCHzMe). 1.5-2.0 (8H. br m. (CitdA). 3.73, 3.84 (3H. s. OMa). 
3.9-4.15 (2H. m. COaCifcMe), 4.40 (1H. d. J 8.0 Hz. CHCMCOaEt). 4.58. 
4.80 (1H. br m. OCM). 4.6-4.75 (1H. m, CHCHCOaEt). 6.5-6.7. 6.8-7.05 
(3H. m. Cetb). 7.1-7.7 (6H. m, C6ti4+ pyridine tb. tis). and 8.48 (2H, br 

15 s, pyridine JdaJde)- 

llfnsPMgPIATE 26 

m * f ^ isnmers o f A.pW4.AminonhftnviV2-f3-CVClQPenWl0XV-4r 

mflthQCTDhenvltethenvnpvridine 

20 Water (15ml) and trifluoroacetic acid (10ml) were added to Intemiediate 13 
(6.1 g) in CH2CI2 (15ml) at QOC and the mixture allowed to warm to RT. 
After 6h. the reacUon mixture was concentrated injosua and the residue 
partitioned between 10% hydrochloric add (50ml) and BOAc (5dml). The 
aqueous layer was separated, basifled to pH 14 with 20% sodium 

25 hydroxide solution, and extracted wfth CH2CI2 (3x50ml). The extract was 
dried (MgS04) and concentrated in vacuo to give the crude titl<? COmPQUnd 
(4.2g). A portion (0.40g) was subjected to chromatography (Si02): EtOAc) 
to afford the titia comtiound (0.29g); 6h (CDCI3) 1.45-2.0 (8H. br m. 
(Cti2)4). 3.80 (2H, br s. Nldb). 3.87. 3.90 (3H. s. OMe), 4.58, 4.70 (1H. br 

30 m. OCJd). 6.6-7.2 (1 OH. C6H4+ Cetb+pyndine ids. iis+CaCti), and 8.3-8.4 
(2H.m, pyridine ii2.t!6); m/2(ESI)388(M++1. 100%). 

t^p-PRMgPiATE 27 

fA.Bromophan vlV3-evclonentyinw.4^ethoxvDhenvnketone 

35 A solution of Intermediate 4 (8.00g. 29.5mmol) in THF (50ml) at -70^0 was 
treated with n-BuU (19.4ml, 31.0mmol, 1.6M solution In hexanes). The 
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slightly yellow solution was stirred at -700C for 0.5h then a solution o\ 4- 
bromobenzaldehyde (5.46g, 29.5mmol) in THF (50ml) was added m 
cannula. The reaction was allowed to warm to RT over 2h then quenched 
with water (25ml) and extracted with Et20 (2x50ml). The extract was dried 

5 (MgS04) and concentrated in vacuo to give a pale yellow oil which was 
dissolved in CH2CI2 (150ml) and treated with manganese dioxide (19.24g. 
0.22mol). The mixture was stirred vigorously for 20h at RT then filtered 
through Celite® and the residue washed with CH2CI2 (5x50ml). The 
filtrate was concentrated in vacuo to give an off-white solid which was 

10 triturated with hexane to give the title compound (7.50g) as a white solid; 
5h (CDCI3) 1.55-2.05 (8H, m, (Cti2)4), 3.92 (3H, s, OMe), 4.83 (1H. m. 
OCJD, 6.89 (1 H. d. J 8.4Hz. Arttoadfl to OMe). 7.33 (1 H, dd. J 8.4. 2.OH2. 
Aril oara to OMe). 7.42 (1 H. d. i 2.0Hz, AiJl fidbQ to cyclopentytoxy). and 
7.55-7.7 (4H, m. COU): Vmax. (CDCb) 2248. 1652. 1590. and 1270 cm-^; 

15 m/Z (ESI) 399 (M+ 'i-2-^Na, 100%). 397 (M+-i-Na, 90). 296 (16), and 236 
(10). 

INTERMEDIATE 28 

a) fE> and m Isomers of 4-r2-f4-BromoDhenvlV2-f3-cvclo- 

20 Dentvloxv-4-methoxvDhenvnethenvnDvridlne 

A solution of the compound of Example Id (7.52g, 16.0mmol) and 
triethylamine (4.05g, S.60ml. 40.0mmol) in CH2CI2 (100ml) was cooled to 
(PC and trifluoroacetic anhydride (3.70g. 2.50ml. 17.6mmol) was added 
dropwise. The orange-red solution was allowed to warm to RT over 20h 

25 then water (25ml) was added. The mixture was extracted with CH2CI2 and 
the extract was dried (MgS04). concentrated in vacuo and subjected to 
chromatography to give the title compound (4.73g) as a white amorphous 
powder. (Found: C, 66.66; H. 5.27; N. 2.99. G25H24BrN02 requires 0. 
66.67; H. 5.37; N, 3.11%); 5h (CDCI3) 1.45-1.95 (8H. br. m, (Chl2)4). 

30 3.86, 3.88 (3H. s. OMe). 4.55. 4.70 (1H. br m. OCM). 6.6-6.95 (6H. m. 
Cehb. + pyridine hb. hs) + C=CH), 7.06, 7.21 (2H. d. A B.4Hz, ArM of 
CetU), 7.4-7.5 (2H. m. ArH of CetU). and 8.36 (2H. ea. d, i 6.0Hz, pyridine 
tl2. Mb) CH n.m.r. indicates a 1:1 E/Z mixture); Vmax (CDCI3) 1597. 1514. 
and 1251 cm-^; m/Z (ESI) 452 (M+ + 2 + Na. 100%). 450 (M+ +Na. 88). 

35 384 (30) and 382 (28). 
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The following intermediates were prepared in a manner similar to 
Intermediate 28a. 

b) (E) and (Z) isomers of 4-{2-<3-CvcloD6ntyloxy-4-methoxv- 
5 Dhenvn-2-r4-(4.4-dimethvl'2-oxazolinvl^Dhenvne thenvl>Dvridine 
From Intermediate 40 (4.75g. 9.8mmol). trifluoroacetic anhydride (2.47g. 
1.66ml. 11.8mmol) and triethylamine (0.99g. 1.36ml. l1.8mmol). A portion 
of the residue (lOOmg) was subjected to chromatography (SiOa; EtOAc) to 
give the Me compound (68mg) as a yellow foam. 5h (CDCI3) 1.39, 1.41 
10 (6H. s, CMea). 1.5-1.95 (8H. m, (0^2)4). 3.85, 3.88 (3H, s. OMe), 4.11. 
4.14 (2H, s, oxazoline CJja), 4.55, 4.69 (1H, m, OCM). 6.6-6.7 (1H, m. 
ArH). 6.8-6.85 (3H, m, ArH), 6.91 (1H, d, i 6.2Hz, pyridine th. Jds). 7.23, 
7.38 (2H, d. J 8.2Hz, ArU), 7.9-8.0 (2H. m, ArH). and 8.3-8.45 (2H. m. 
pyridine ti2. Mb); Vmax (COCI3) 1735. 1646, 1597 and 1318 arr\ miz 
15 (ESI) 469 (M*-, 100%). 

C) f2V4-rg-f3-CvtslopentvlQXV-4.methoxvDhenviV2.f2.furvh 

ethenvilPYrWinQ 

From the compound of Example 34 (I.Og. 2.64mmol) in CH2CI2 (30ml), 
20 triethylamine (0.4g, 0.55ml, 3.96mmol) and trifluoroacetic anhydride 
(0.61 g. 0.41ml, 2.91 mmol). Work up [includes treatment with 10% NaOH 
solution (25mi)] and chromatography (Si02; EtOAc/h^cane, 7:3) afforded 
the title eompound (0.78g) as a pale pink solM m.p. 122-123<k;; (Found: C. 
76.37; H, 6.46; N, 3.85. C23H43NO3 requires C. 76.43; H. 6.41; N, 
25 3.88%) :5h (CDCI3) 1.45-1.9 (8H, br m. (Cll2)4). 3.90 (3H, s, OMe), 4.65 
(1H. br m, OCid), 6.07 (1H. d. i 3.3Hz, furan JJa). 6.41 (1H, dd, J 3.3. 
1.8Hz, furan tU), 6.75-6.9 (5H, m, Cefcb + pyridine Ha. Jds). 7.03 (1H, s, 
CsCtD. 7.49 (1H, d, i I.6H2, furan lis), and 8.33 (2H. ca* d, i 4.6Hz, 
pyridine tia. tie); mIZ (ESI) 362 (M** +1. 100%). 294 (45). 

30 

im^MEPIATE-2a 

f4-f4.4^1methvl-2-oxazollnvl)Dhenvl^'-cvcloDentvloxv-4'. 
methoxvDhenvnketone 

A solution of 2-(4-bromophenyl)-4,4-dimethyloxazoline (A. J. Meyers, D. L 
35 Temple, D. Haidukewych and E. D. Milhelich J. Org. Chem, 32. 2787, 
1974) (53.25g, 0.21 mol) in THF (200ml) was added dropwise to 
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magnesium turnings {6.0g, 0.25g atoms). The reaction was stirred for 2h 
at RT. then a solution of Intermediate 1 (46.0g. 0.21 mol) in THF (200ml) 
was added dropwise. The reaction was stirred for 16h then heated to 
reflux for 1 h. cooled to RT and quenched with NH4CI solution (200ml). 

5 The layers were separated and the aqueous layer extracted with ElOAc 
(2x250ml). The organic layer was washed with brine (250ml), dried 
(MgS04), then concentrated joJOQUQ to give an orange oil. The crude oil 
was dissolved in CH2CI2 (350ml) and treated with manganese dioxide 
(I37g. 1.58mol) then stirred vigorously for 72h. The mixture was filtered 

10 through Celite® and the residue washed with CH2CI2 (300ml). The filtrate 
was concentrated in vacuo and the residue triturated with EtaO to give the 
title compound (59.4g) as an off white amorphous powder m.p. ISQ^C. 5h 
(CDCI3) 1.41 (6H, s, CMe2). 1.5-2.1 (8H, m. (6^2)4). 3.92 (3H, s. OMe). 
4.15 (2H. s. oxazoline CJd2). 4.84 (1H, m. OCH), 6.89 (1H. d. J 8.4HZ. ArH 

15 ortho to OMe), 7.35 (1 H, dd, i 2.0, 8.4 Hz, Aril caia to OMe), 7.43 (1 H, d. 
J 2.0 Hz. ArH ortho to cyclopentyloxy), 7.78 (2H, d, i 8.5Hz, ArH), and 
8.03 (2H. d. i 8.5Hz. ArH); Vmax (CDCl3)1648 and 1271 cm-i; m/z (ESI) 
394(M++ 1.100%). 

20 INTERMEPIATC 30 

(R and m isomers nf 4.r-1-f3-CveiQnehtvloxv-4.methoxvphenviV2-f4- 
pvridvltethenvnbenzoic acid hydrochloride 

A solution of intermediate 28b (4.25gm B.Smmol) in 10% aqueous HCI 
(15ml) was heated to reflux for 20 min. Aqueous NaOH solution (5M: 

25 20ml) and EtOH (15ml) were then added and heating continued for a 
further 2h. The reaction was cooled to RT and acidified to pH 1 with 10% 
aqueous HCI. The mixture was extracted with CHCb (10x100ml), the 
organic extract was dried (MgS04) and concentrated in vacuo to give the 
titiB compound (2.83g) as a yellow solid; 5h (d4-MeOH) 1.45-1.8 (8H, m, 

30 (CJd2)4). 3.86. 3.88 (3H. s, OMe), 4.66. 4.74 (1H, br m. OCH). 6.65-7.65 
(8H, m, C=CJ1 + C6ld3+ pyridine hb, h!5+ ArHniBla to CO2H), 8.05, 8.13 
(2H, d, ifia. 8Hz, ArH ortho to CO2H), and 8.46, 8.55 (2H, d, isa. 6Hz, 
pyridine hb, Hs) (N.B. CO2M and MCI not observed); vmax (Nujol) 1710, 
and 1633 cm-1; m/Z (ESI) 416 (M+ + 1. 100%). 

35 

INTERMEDIATE 31 
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Ethyl 3-(3-PyP»OP ntyl XYPhgnYl)-3>phenY''2-(4-PYri0Yl) 
prppgnqgt 

Phenyl magnesium bromide (3M in THF) (2.3ml, 6.8mmol) was added to a 
slurry of copper (I) chloride (54mg, 0,55mmol) in THF (20ml) at -70^0. 

5 The yellow turbid solution was stirred at -78^C for 0.25h, then Intermediate 
13 (1.00g, 2.7mmol) in THF (10ml) was added via cannula. The reaction 
was stirred for 2h whilst allowing to warm to RT. The mixture was 
quenched with saturated NH4CI solution (5ml) and water (20ml) then 
extracted with EtOAc (2x20ml). The extract was dried (MgS04). and 

10 concentrated in vacuo to give a yellow oil which was subjected to 
chromatography (Si02; EtOAc/hexane, 1:1) to give the title compound 
(0.29g) as a white solid m.p. 165-1660C. (Found: C, 75.48; H. 7.01; N, 
3.14. C28H31NO4 requires C, 75.76; H,7.00; N,3,14%); 5H(CDCb)1.03 
(3H. t, J 7.1 Hz, COCHaMe), 1.5-2.0 (8H. br m, (Chb)4), 3.80 (3H, s, OMe). 

15 3.9-4.0 (2H, complex m. COCilaCHa). 4.35 (1H, d, i 12.3Hz, CHCH). 
4.57 (1H, d. J. 12.3H2, CHCM). 4.78 (1H. m, OCU), 6.75-7.1 (8H. m, 
aromatic CeUs + CeUa). 7.22 (2H, dd, i 4.6* 1.6Hz pyridine Ijb. Jds). and 
8.41 (2H. dd, i4.6. 1.6Hz, pyridine ^2. Jde). Vmax (CDCI3) 1734, 1602, and 
1516 cm-1; m/z (ESI) 468 (M+ + Na, 20%), 446 (M+ +1. 20). 282 (22), 281 

20 (100), and 213 (12). 

INTERMEPIATe 9Z 

(El and fZ^ isomers of -t-Butvt N>f4-f1-f3-cvcloDentvloxv-4>methQicv> 

phgnYl)-2"(4-PYrWYnethenvnphgnYl>carframate 

25 A mixture of diphenyl phosphoryl azide (0.61 g, 0.48ml, 2.2mmol). 
Intermediate 29 (I.OOg. 2.2mmol), triethyiamine (0.49, 0.68ml, 4.9mmoi) 
and t-butanol (25ml) was heated to reflux for 20h. The mixture was 
concentrated in vacuo and the resulting brown oil partitioned between 
CH2CI2 (30mi) and 5% citric acid solution (30ml). The organic layer was 

30 separated, washed with water (20ml), NaHCOs solution (20ml), and brine 
(20ml), then dried (MgS04) and concentrated in vaci^o to give a red oil: 
which was subjected to chromatography (Si02; 5% MeOH/CH2Cl2) to give 
the title compound (0.60g) as a yellow foamy solid. 5h (CDCIa) 1 .52, 1 .54 
(9H, s, CMea). 1.65-1.9 (8H, br m. (Cld2)4), 3.86, 3.89 (3H, s, OMe), 4.56. 

35 4.70 (1 H, m, OCH). 6.6-7.4 (1 1 H, m. ArH + C=CM+NCO), and 8.34 (2H, d, 
J 5.2Hz, pyridine Hb. ids)- (*H n.m.r. indicates 1:1 mixture of isomers); 
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Vmax (CHCI3) 3441, 1730, 1596, 1518 and 1157 cm'i; m/s (ESI) 487 (M+ 
+1. 75%), 472 (12), and 431 (100). 

INTERMEDIATE 33 
5 fS'.RM and fS*-SM Ethvl 3- /3-CvclODentvloxv.4.methoxvDhenvl>-2»(4- 
pwidvlV^fthienyhprooanate 

A solution of 2-bromothlophene (0.49g, 3.0mmol) in Et20 (5ml) was added 
to Mg (0.08g, 3.3mmol) in EtaO (2ml) at RT. The mixture was stirred at 
RT for 0.3h then heated to reflux for 0.25h before adding a solution of 

10 Intermediate 13 (I.Og. 2.72mmol) in Et20-toluene (2:1; 15ml) dropwise 
over lOmin at RT. The reaction mixture was stirred at RT for I8h then 
quenched with 10% NH4CI solution (SOml) and extracted with EtOAc 
(3x50ml). The extract was washed with brine (SOml), dried (MgS04). and 
concentrated in vacuo. The residual brown oil was subjected to 

15 chromatography (SiOa: EtaO/hexane, 9:1 to EtaO) to afford 

(i) Intemnediate 1 3 (205mg) and 

(ii) t»le compound (132mg) after recrystallisation from Et20-hexane, 1:1) 
as a white solid m.p. 124-1260C; 5h (CDCI3) 0.99 (3H, t. i 7.1Hz. 
OCHaMe). 1.55-2.0 (8H. br m. (Cii2)4). 3.82 (3H. s. OMe). 3.85-4.05 (2H. 

20 m, 0Cti2Me). 4.26 (1 H, d. a 1 1 -SHz. CHCHC02Et). 4.81 (1 H, d, J 1 1 .9Hz. 

CHCtiCOsEt), 4,85 (1H. br m, OCM), 6.51 (1H. d, i 3.5Hz, thiophene H3). 

6.69 (1H. dd, si 5.1, 3.5Hz, thiophene iU). 6.81 (1H, d, A 8.8Hz, Ariifiima 

to OMe), 6.95-7.0 (3H, m, thiophene H5 + 2xArH meta to OMe), 7.30 (2H. 

fia d, i 4.6Hz, pyridine tia. ids), and 8.48 (2H. cg^6, A 4.6Hz. pyridine tb. 
25 JJb): m/S (ESI) 474 (M+ +Na, 28%). 452 (M++1. 12). 368 (25). 289 (12). 

288 (38), 287 (100), and 219 (22). 

IMTERMEDIATE 34 

a) <E> and m isomers of 2.Cvcl opentvtoxv.442-f4-fluorophenvlV1- 

30 Dhenvlethenynanisole 

Dimethyl 4-fluorobenzylphosphonate (432mg, 2.0ml) was aded to a 
mixture of sodium hydride (80mg, 2.2mmol) and Intermediate 2 (592mg, 
2.0mmol) in THF (5ml) at ooc. The reaction mixture was stinted overnight 
at RT then quenched with NaHCOa solution (5ml) and extracted with Et20 

35 (25ml). The extract was washed with brine (10ml), dried (MgS04). and 
concentrated in vacuo to afford the title compound (115mg) as a 
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colourless gum; 5h (CDCb) 1.5-1.9 (8H, br m, (CUzU). 3.84, 3.86 (3H. s. 
OMe), 4.56,4.67 (1H, br m, OCiH), and 6.65-7.4 (13H, m. Cdda + CgHU + 
C6H5+ C=CH); m/Z (ESI) 390 (M+ + 2, 23%), 389 (M++1. 92), 253 (37), 
and 235 (100). 

5 

b) (E) and (Z) isomers of 4-r2-r4-chloroDhenvlV1»Dhenvlethenvll«2- 

cvclopentvloxvanisole 
From intermediate 2 and dietiiyl 4-ciilorobenzylphospiionate to afford the 
title compound as a dear oil. 

10 

5h (CDCI3) 1.5-2.0 (8H, brm. (Cil2)4). 3.86. 3.89 (3H, s, OMe). 4.57.4.70 
(1H, br m. OCJl), and 6.65-7.4 (13H, m, Cehla + C6H4 + CgHs + C=Cld) 
('Hn.m.r. indicates £a 1:1 E:Z ratio); eq/Z (ESI) 429 (M+ + 2 + Na. 15%), 
427 (M^+Na, 45). 387 (30). 386 (100), 301 (25), and 60 (20). 

15 

INTERMEDIATE 35 

3.^clopentvloxv.4.methoxvbenzQnitrile 

Intennnediate 1 (46.5li, 0.21 Imol) and hydroxylamine liydrociiloride 
(17.60g, 0.25mol) was stirred in pyridine (250mi) overnight at RT. Tlie 

20 reaction mixture was concentrated in vacuo , the residue dissolved in 
fomiic acid (100ml) and heated to reflux for 0.75h. The cooled reaction 
mixture was carefully poured into cold 10% NaOH solution, extracted with 
Et20 (1x500ml, 2x1 00ml), the extract washed with hydrochloric acid (10%. 
2x150ml), sodium hydroxide (10%; 2x150ml), and brine (100ml), then 

25 dried (Na2S04). and concentrated in vacuo . Chromatography (SiOa; 
Et20/hexane. 1:2) afforded the title compound (39.55g) as a white solid 
(Found: C. 71.85; H.7.02; N. 6.42. C13H15NO2 requires C. 71 .87; H, 
6.96: N, 6.45%); 5h (CDCb) 1.5-2.1 (8H, br m. (0^2)4). 3.85 (3H, s, 
OMe), 4.73 (1H, br m, OCIICH2), 6.83 (1H, d. J 8.4Hz, ArHsilhfi to OMe). 

30 7.03 (1 H, d, i 1 .6Hz, ArH ortho to cyclopentyloxy) and 7. 1 9 (1 H, dd, J 8.4, 
I.6H2, ArH para to cyclopentyloxy); m/Z. 217 (M+, 14%), 150 (60), 149 
(100). 134 (86). 106 (24). 77 (11), 69 (28), and 41 (69). 



35 



INTERMEDIATE 36 

f3-Cvclopentvloxv-4-methoxvhenvlV3.methoxvphenvnketQne 



wo 94/14742 



PCT/GB93/02625 



57 

n-BuLi (1.6M solution in hexanes; 6.7ml, 10.7mmol) was added dropwise 
to Intermediate 4 (2,71 g. lOmmol) in THF {50ml) at -70<^C. After 0,5h, 3- 
methylbenzonitrile (1.1 7g, lOmmol) in THF (25ml) was added dropwise 
and the mixture allowed to warm to RT. The reaction mixture was poured 

5 into saturated NaHCOa solution (25ml) extracted with CH2CI2 (2x25ml). 
the extract dried (Na2S04), concentrated in vacuo and the residue 
dissolved in dioxane (30mi) and 107o hydrochloric acid (20ml) then heated 
to reflux for 3h. The cooled reaction mixture was poured into brine (25ml) 
and extracted with CH2CI2 (2x 25ml). The extract was dried (Na2S04). 

10 concentrated in vbcuo. and the residue subjected to chromatography 
(Si02; Et20/hexane, 1:1) to afford the title compound (2.47g); 5h (8OMH2; 
CDCI3) 1.45-2.05 (8H, br m. {Cld2)4). 2.42 (3H, s. ArMe), 3.70 (3H. s. 
OMe), 4.83 (1H, br m, OCU). 6.89 (1H. d. i 8.3H2. Artl£2itti2 to OMe). 7.3- 
7.4 (2H. m, ArHL meta and para to C=0 ofCeHs). 7.37 (1H, dd, J. 8.3, 

15 2.OH2, ArH para to OMe), 7.45 (1H, d. J. 2.0Hz, ArH ortho to 
cyclopentyloxy), and 7.5-7.6 (2H, m, ArH ortho to C=0 of C6H4). 

INTERMEDIATE 37 

f-VfEH4SVW3-f3-CYClppqnltYlQXY-4-mgthpxYPhgnYnprppe^ 
20 phgnvha-pxgzplpne 

A mixture of Intermediate 1 (lO.Og, 45.4mmol) and malonic acid (9.45g, 
SO.Smmol, 2equiv) in pyridine (20ml) was stirred at 50^0 until a clear 
solution was obtained. Piperidine (0.68ml) was added and the mixture 
gradually heated to 80<'C over 0.5h (CO2 evolution commences) then at 

25 BOPC over 1.5h and finally heated to reflux for 0.75h. The cooled 
reaction mixture was poured into cold water (250ml) and acidified, with 
stirring and cooling, with concentrated HCI (30ml). The precipitate was 
collected by filtration, washed with water (6x1 0ml), and dried in vbcuo to 
afford (E)-3-(3-cyclopentyloxy-4-methoxyphenyl)propenoic acid (11. 3g) as 

30 a white solid; 5h (CDCI3) 1.6-2.1 (8H, br m. (Cld2)4). 3.88 (3H. s, OMe). 
4.80 (1H, br m, OCH), 6.30 (1H, d, J 15.9H2. tlC=CHC02H), 6.87 (1H, d. 
i 8.5H2, ArH ortho to OMe). 7.05-7.2 (2H. m, 2xArH meta to OMe), and 
7.72 (1 H, d. i 15.9H2, HC=CHC02H) (N.B. CO2M not obsen^ed). 

35 A mixture of the acid (8.03g, 30.6mmol) in thionyl chloride (10.9g, 6.7ml, 
91.9mmot. 3.0equiv) and CH2CI2 (30ml) was heated to reflux for 1h. The 
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reaction mbaure was concentrated in vacuo and the residu diluted with 
toluene (30ml) and concentrated in vacuo again to afford (£J-3-(3- 
cyclopentyloxy-4-m6thoxyphenyl)propenoyl chloride (8.6g) as a dark 
crystalline solid: 5h (CDCI3) 1.5-2.1 (8H. br m. (Ctk)4). 3.90 (3H, s. OMe). 
5 4.81 (1H, br m. OCM). 6.47 (1H, d. J 15.4Hz. aC=CHCOCI), 6.88 (1H, d, 1 
8.5Hz, ArH ortho to OMe). 7.06 (1H, d, J. 2.0H2. Ard ortho to 
cyclopentyloxy), 7.14 (1H, dd, i 8.5, 2.0Hz, ArH oaia to cyclopentyloxy), 
and 7.76 (1H. d. i 15.4H2. HCaCtiCOCl). 

10 Q-Butyllithium (1.6M solution in hexanes; 17.4nil. 27.8mmol) was added 
dropwise to a stirred soution of 4g-phenyloxazolidin-2-one (4.54g, 
27.8mmol) in THF (140ml) at -700C. After 0.25h at -7(fiC, a cold solution 
of the acid chloride (8.60g, 3.06mmol, l.lequiv) in THF (40ml) was added 
to the resulting white slurry. The reaction mixture was stirred at -70°C for 

15 0.5h then at 0°C for l.Sh. Saturated NaHCOs solution (100ml) and water 
(50mi) was added and the mixture extracted with.EtOAc (100ml, 2x75ml). 
The extract was washed with saturated NaHCOs solution (50ml), brine 
(50ml), then dried (Na2S04). and concentrated jnjimisi- The residual 
solid (11. 9g) was triturated with hot diisopropyl ether (100ml), cooled, and 

20 filtered to afford the title compound (10.9g) as white needles m.p. 107- 
1090c (from EtOAc/hexane, 1:1) (Found: C. 70.71; H, 6.09; N, 3.41. 
C24H25NO5 requires C, 70.75; H, 6.19; N, 3.44%); 6h (CDCI3) 1.5-2.0 
(8H. br m, (0112)4). 3.86 (3H, s, OMe). 4.29 (1H. dd, i 8.7. 3.8Hz, OCJIH'), 
4.71 (1H, apparent t, i 8,7Hz. OCHtl'). 4.81 (1H, m, ArOCU), 5.55 (1H, 

25 dd. i 8.7. 3.8Hz, CMN), 6.84 (1H, d. 1 8Hz. AiU fidtUl to OMe), 7.1-7.5 
(2H. m, Artinifiia to OMe). 7.25-7.45 (5H. m, Cetls). 7.70 (IH, d, 1 
15.6Hz, tlC=CH), and 7.80 (IH, d. i 15.6Hz. HCaCM, (aj22 = .420 
(0.150g/100mlEtOH). 

30 INTERMEDIATE 38 

3^3-CvcloDflntvloxv^methoxvDhenvl>-3-Dhenvl.1.DroDanol 
To a stirred solution of Intermediate 18 (9.0g, 2.65mmoi) in THF (30ml) 
cooled to 0°C was added borane-THF complex (1.0M in THF; 3.41 g, 
162ml) and the reaction temperature kept below for 3h. The reaction 

35 mixture was warmed to RT, water (60ml) was added carefully, then 10% 
aqueous NaOH (100ml) and the stimng maintained for 0.5h. Et20 (50ml) 
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was added* the organic layer separated, washed with water (1x30ml) and 
brine (1x30ml) then dried (Na2S04). Concentration in vacuo afforded the 
title comoQund (9.16g) as a pale yellow oil. 

5 fNTERMEDIATg 39 

3^a>Cyclopentvloxv-4-methoxvDhenvn-3-Dhenvl-1-DroDanal 

To Intermediate 38 (O.IOOg, 0.31mmot) in CH2CI2 (10ml) was added 4A 
molecular sieves (1 spatula) and the mixture degassed before adding 
pyridinium chlorochromate (0.099g, 0.47mmol). Stirring was maintained 
10 for 4h at RT and the mixture cooled to O^C before adding EtaO (30ml). 
Filtration through a pad of florisil followed by concentration In vacuo 
afforded the title compound (0.98g) as a brown oil. 



15 EXAMPlg 1 

a) f±V-4-r2-f3-CvctoDentvloxv-4^methoxvDhenvlV2>hvdroxv^2- 

phenvlqthyn pyritfing 
Q-Buii (1.4M in hexanes; Z.7m\. 3.7mmol) was added dropwise at -70^0 to 
a solution of 4-methylpyridlne (0.35g, 3.72mmol) in THF {20ml). After 

20 0.5h, a solution of Intenmediate 2 (I.OOg, 3.38mmol) in THF (4ml) was 
added over 5 min at -70^0, the mixture stirred for 1h at this temperature 
then allowed to warm to RT over 2h. The reaction mixture was partitioned 
between EtaO (50ml) and water (50ml) and the organic layer was 
separated. The aqueous layer was further extracted with EtaO (2x40ml) 

25 and the combined organic extract was dried (MgS04) and concentrated is 
.^aiZUflp The residue was subjected to chromatography (SiOa; EtOAc- 
hexane) to afford, first. Intermediate 2 (SOOmg) then the title compound 
(738mg) as a white solid, m.p. 148-149^0 (toluene-hexane) (Found : C, 
77.32; H. 7.04; N. 3.50. C25H27O3 requires C. 77.09; H, 6.99; N, 3.60%); 

30 5h (CDCI3) 1.4-1.9 (8H, br. m. (6^2)4). 2.3 (1H. v.br.s, OM exchanges with 
D2O), 3.51 (2H. s, Cjd2 pyridine). 3.78 (3H, s, OMe), 4.60 (1H, br, m, 
OChlCHa), 6.65-6.9 (5H. m) and 7.15-7.4 (5H, m) (ArH ortho to OMe + 
2xArJlmfita to OMe + C6U5+ pyridine^tb. Ms), and 8.22 (2H, dm, i 4.5H2, 
pyridine hb. Jde): m/2 389 (M+ 3%). 298 (15). 297 (69). 229 (27). 228 (37), 

35 151 (43), 105 (100). 93 (52). 77 (24), and 41 (14). 
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The following compounds were prepared in a manner similar to the 
compound of Example la. 

b) feV-2-r2.f3-Cv clonentvloxv.4-methoxvDhenvlV.2.hvdrQXV-2- 

5 phanvlethvll pyrazin? 

From 2-methylpyrazine (1.0ml, llOmmol) and Intermediate 2 (3.24g, 
1 1.Ommol). Trituration with EtaO gave the title compound (0.885g) as a 
white solid. Sh (CDCI3) 1.45-1.9 (8H. br. m. {Cti2h). 3.73 (2H, s. Cti2 
pyrazine). 3.80 (3H. s. OMe). 4.68 (1H. br. m. OCH). 6.22 (1H, br s. OU). 

10 6.73 (1H. d, JL 8.4 Hz. ArU jzdtlfi to OMe). 6.89 (1H. dd. J 8.4, 2.0Hz. Arhi 
para to cyclopentyloxy). 7.0 (1H, d, J 2.0Hz. ArJlflittifl to cyclopentyloxy, 
7.1-7.5 (5H. m. Cetds). and 8.37 (3H. s. pyrazine tis. Ms iife)- 

c) (±V4-T2-(3-CvctQDentvloxv^methQXVDh6nvlV.2.hvdroxv. 
15 Dhenvlethvll-3.S-dlchloroDvrldin6 

From Intermediate 15 (2.0g. l2.3mmoi) and Intermediate 2 (3.65g, 
12.3mmol). Purificatton by column chromatography (SiO2;0-2% MeOH/ 
CH2CI2) affonjed the title compound (1.74g) as a white solid. m.p. 129- 
130OC, 5h (CDCI3) 1.5-1.9 (8H, br, m. (Ca2)4), 2.65 (1H. br s, OtU, 3.85 
20 (3H, s. OMe). 3.92 (1 H, d, i 1 4Hz, CHaHb pyridine), 3.98 (1 H, d, i 1 4 Hz, 
CHaUb pyridine). 4.57 (1H, br, m, OCtDi 6.7-6.9 (3H, m, ArH ortho + 2x 
ArU iQfita to OMe). 7.2-7.4 (5H. m. Ceids). and 8.36 (2H. s. pyridine hb. 
Me). 

25 d) Mg-(4.irQmophfflYlW3-cyclQwntvlQXY-^m9thPxyphgnytK- 
hYdrexygthYllpyrttling 

From 4-picoline (2.0ml, 1.90g, 20.4mmol) and Intermediate 26 (7.30g, 
19.5mmol). Purification by column chromatography (SiOa; gradient elution 
50-75%, EtOAc/hexane) gave the title compound (7.77g) as a pale yellow 

30 foamy solid. Found: 0, 63.82; H. 5.58; N, 2.96. C25H26BrN03 requires 
C, 64.11; H,5.60; N. 2.99%. 5h (CDCI3) 1.5-1.9 (8H. br. m. (qd2)4), 2.7 
(1H. br s. OMl. 3.46 (1H. d. i 13.1Hz. CMaHb pyridine). 3.54 (1H. d. J 13.1 
Hz. CHaUb pyridine). 3.82 (3H. s. OMe). 4.64 (1H. br m. OCM). 6.75-6.9 
(5H, m. CeHa + pyridine tia. Ms). 7.21 (2H, ia. d. i 8.7Hz. ArU of C6H4). 

35 and 8.29 (2H. £a. d. J 6.0Hz. pyridine Mz, Me): Vmax. (CDCI3) 3604. 1605. 
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1513. and 1256 cm-h m/Z (ESI) 470 (M+ +2. 20%). 468 (M*. .18). 377 
(52), 375 (55). 95 (13). and 94 (100). 

INTERMEDIATE 40 
5 f±V4-^2-f3.CvcloDentvloxv -4-methoxvDhenvn.2-r4-f4.4-dimethvl-2- 
oxa20Hnv!tohenvn'2.hvdroxvethvl)Dvrldine 

From 4-methylpyridine (1.45g. 1.52ml), 15.6mmol) and Intemiediate 29 
(5.82g. 14.9mmol). Trituration with Et20 gave the title comound (6.61 g) 
as an off-white solid Sh (CDCb) 

10 1.37 (6H, s. CMe), 1.55-1.8 (8H, m. (Ctizk). 2.7 (1H, br s. Ofcll. 3.56 (2H. 
br s. Oh pyridine), 3.82 (3H, s, OMe), 4.10 (2H, s, oxazoline Cljb), 4.63 
(1H, m, OCil), 6.75-6.9 (5H. m, Aril), 7.37 (2H, d, i 8.6Hz, pyridine H3, 
Hs), 7.85 (2H. d, J 7.3Hz ArtL ortho to oxazoline) and 8.29 (2H. br s. 
pyridine hb. heh Vmax. (CDCI3) 3603, 1649, 1512, and 1257 cm-i; m/z 

15 (ESI) 487 (M+ +1, 100%). and 394 (61). 

a) f4:V4^1.f3.CveloDentvioxv.4-methoxvDhenvlV1>hvdroxv-2-(4- 

pyrttivDethYnPYTiding 

20 n-BuLI (1.45M in hexanes; 5.1ml,7.41mmol) was added dropwise at -70OC 
to a solution of 4-methylpyridine (0.69g. 7.41mmol) in THF (20ml). After 
0.5h a solution of Intermediate 5 (2.0g, 6.73mmol) in THF (10ml) was 
added dropwise over 5 min. The reaction mixture was stirred for 0.5h at 
-70<'C then at RT for 0.5h. Water (50ml) was added and the mixture 

25 extracted with EtOAc (3x60ml). The extract was washed with brine 
(80ml), dried (MgS04), and concentrated in vacuo. The residue was 
subjected to chromatography (SiOa; EtOAc to EtOAc/CHaOH, 9:1) to 
afford the title compound (2.33g) as a white amorphous solid m.p. 99- 
IO3OC; 5h (CDCI3) 1.5-2.0 (9H. br, m, (Cii2)4 + OH), 3.49 (2H, d, J 2.3 Hz. 

30 Cti2 COH). 4.65 (1 H. br m. OCHCHa), 6.7-6.9 (5H, m, ArM ortho to OMe+ 
2xArH meta to OMe + pyridine hb. H5). 7.20 (2H. dd, 1 4.6, 1.6 Hz, 
pyridine ids. tls). 8.22 (2H, dd, A 4.6. 1.6 Hz, pyridine tlz, hs). and 8.40 
(2H, dd. i 4.6, .1 .6 Hz, pyridine ^2. hsY. m/Z 390 (M+ 3%). 298 (21 ). 297 
(14). 230 (21). 229 (91). 151 (100). 106 (22). 93 (27), 78 (12), and 41 (23). 

35 
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The following compounds were prepared In a manner similar to the 
compound of Example 2a- 

b) (j;WUr2./3.CvclQDentvloxv- A-methoxvDh6nvlW2.hvdroxv.2-f3- 
5 methoxvphen ynethvllDvrldlne 

From Intermediate 5d (1.95g, S.Ommol) and 4-methypyridine (0.58ml. 

6.0mmol). Chromatography (Si20; EtOAc) afforded the titlS compound as 

a yellow oil (2.16g). 8h (CDCb) 1.45-1.9 (8H, br, m, (CtbW. 2.4 (1H. br s. 

OH), 3.53 (2H, s. Cid2 pyridine), 3.74 (3H. s. OMe). 3.82 (3H. s. OMe). 
10 4.64 (1H, br m, OCtO, 6.7-7.0 (8H, m. Cetia + pyridine tb. tis + 3xAra of 

C6H4). 7.22 (1 H. ca. t. ifia. 7.6H2. Aitl of C6H4). and 8.31 {2H. dd. i 4.4. 

1.6 Hz, pyridine hia. hie)- 

C) (-^V4■^2■f3.Cvc ^oDentvlo»v.4-methoxvphenvlW2fhvdroxv-2-f2- 
15 methQWPhenvltethvllDvridine 

From Intermediate 2c (2.44g. 7.5mmol) and 4-methylpyridine (0.78ml. 
aomrnol). Chromatography (Si02; EtOAc) afforded the title compound 
(2.5g). 

20 d) r+WUr2-#3.CvcloDentvloxv- 4.methoxvnhenvlV2-mvdroxv-2-f4- 
methvlPhenvnethvnDvridine 
From Intennediate 5b (1.41g, 4.54mmol) and 4-methylpyridlne (0.49ml. 
5.0mmol). Chromatography (SiOa; Et20) afforded the title compound as a 
gum (1.45g): 5h (CDCI3) 1.5-1.9 (8H, br, m, (Ctl2)4). 2.25 (1H, br s. Old). 

25 2.33 (3H. S. ArMe). 3.53 (2H. s, CJd2 pyridine). 3.81 (3H. s, OMe). 4.63 
(1H, br m, OCH). 6.7-6.85 (5H, m. Cetb + pyridine tia. tis). 7.1 1 (2H. d. J 
8.1Hz. Aril of C6H4). 7.24 (2H. d. A 8.1 Hz, Aitl of C6H4), and 8.32 (2H, 
fia»d, J4.6HZ. pyridine Jjb. tie). 

30 e) (+V4-r2-/3.Cvetopentvtoxv.4-methoxvphenvlV2-hvdrpxv.f4- 
methoxvphenvltethvnpvridine 
From Intermediate 5c (2.46, 7.55mmol) and 4-methylpyridine (0.81ml. 
8.3mmol). Chromatography (SiOa; EtOAc) afforded the title compound as 
a gum (2.21 g). 
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f) ^-t-V4-r2.f3-Cvc lopentvl xv-4-methoxvDhenvlV2-hvclr0XV-2-f3- 

methvlDhenvnethvnpvridine 
From Intermediate 2f (2.12g. 6.85mmol) and 4-methylpyridine (0.68ml, 
y.Ommol). Chromatography (SiOa; EtaO) afforded the title compound 
5 (2.08g) gum; 5h (CDCI3) 1.5-1.9 (8H. br. m, (€^2)4). 2.31 (3H. S, AiMe). 
3.53 (2H, s, Ctl2 pyridine). 3.82 (3H. s, OMe). 4.64 (1H, br m. OCH). 6.75- 
6.9 (5H, m. Cebb + pyridine hb. ids). 7.0-7.25 (4H, m. C6H4), and (2H. dd. 
J 4.5, 1 .6H2, pyridine tia. ids). (fcLfi- OH no observed). 

10 EXAMPLE a 

a) (•^VA-T2.f3.Cvcl opentvloxv^nnethoxvphenvlV2-Dhenvlethvn 

OyddiDfi 

Intermediate 7a (S.Og, B.OSmmol) in THF (50ml) was treated with 10% 
Pd/C (about 500mg) and hydrogenated over 38h at RT. The reaction 

15 mixture was filtered through Celite® and the filtrate concentrated in vaQUQ- 
The residue was subjected to chromatography (SiOa: EtOAc/hexane 1:1) 
to afford the title comoound (1.87g) as a clear oil which slowly crystallised 
on standing (Found : C. 79.87; H, 7.26: N. 3.69. C25H27NO2 requires C, 
80.40; H, 7.29; N. 3.75%); 5h (CDCI3) 1.5-2.1 (8H, br. m, (CtisM, 3.27 

20 (2H, d. i 8.0Hz, Cih pyridine), 3.75 (3H. s, OMe), 4.12 (1H, t. i 8.0 Hz. 
PhCMCiia), 4.61 (1H, br m, OQdCHa), 6.5-6.7 (3H, m, ArfclfldbQ to OMe + 
gxArH meta to OlVIe), 6.87 (2H. dm, i 4.5Hz, pyridine hb, Ms). 7.05-7.2 
(5H, m. Cetis) and 8.32 (2H. dm. i 4.5H2. pyridine H2. tb); m/Z 373 (M+ 
7%), 281 (38). 214 (16). 213 (100). 181 (10). and 152 (11). 

25 Treatment of the free base (1.08g. 2.90mmol) in EtaO (10ml) with ethereal 
HCI gave, after decantation. the title comtjound hydrochloride (1.1 82g) as 
a whrte solid. 5h (CDCI3) 1.5-1.7 (2H, br s. cyclopentyl H). 1.75-1.95 (6H. 
br s. cyclopentyl M), 3.58 (2H, d, J. 7.8Hz, Cii2 pyridine), 3.80 (3H, s, 
OMe). 4.18 (1H, t. i7.8 Hz, CHCH2 pyridine), 4.67 (1H, brm. OCM). 6.67 

30 (2H. br m, ArJi), 6.76 (1H. m. AiU), 7.1-7.35 (5H, m, CeMs). 7.45 (2H, d. i 
6.5 Hz, pyridine tb. tis) and 8.50 (2H, d, J 6.5 Hz. pyridine iJa tis). 

The following compounds were prepared in a similar manner to the 
compound of Example 3a. 

35 
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Ph nol 

From Intermediate 10a (0.46g, 1.19mmol) in CH3OH (40ml). Removal of 
the solvent injOSUQ gave the title compound (0.45g) as a yellow oil; 6h 
(CDCI3) 1.4-1.9 (8H. br. m, (CtizU). 3.20-3.23 (2H. m. PhCHCHa). 3.70 
5 (3H, s. OMe). 4.07 (1H. t. i 8.0 Hz. PhCHCid2). 4.64 (1H, br m. OCH). 
5.88 (1H. br s, OH). 6.59 (2H. ca d. i 8.6 Hz. Aril QHhSl to OH), 6.65-6.75 
(3H, m, Cehb). 6.81 (2H, cad. i 8.6Hz. ArH meta to OH), and 7.1-7.25 
(5H. m. CeUs); JDO/l (ESI) 411 (M+ + Na. 100%). 215 (15), and 197 (50). 

10 c) (Tt;W-r2^3-CveloDantvioxv-4.m6t>ioxvDhenviV2-Dhenvlethvn 
aoiSfilfi 

From Intermediate 10c (0.47g, I.ISmmol) in CHsOH/dioxane (1:1, 50ml). 
Removal of the solvent in vacua gave the title compound (0.45g) as a 
colourless oil; 5h (CDCI3) 1.5-1.9 (8H, br, m, (Cld2)4). 3.24 (2H, ca d. isa 
15 8.OH2, PhCHChb). 3.68 (3H. s, OMe). 3.74 (3H. s, OMe).4.09 (1 H, t, J 8.0 
Hz, PhCMCHz), 4.63 (1H, br m, OCtl). 6.65-6.75 (5H, m, C6li3+ 2xArhl 
ortho to OMe). 6.89 (2H. ca d. i 8.5H2,2xArJlmfila to OMe). and 7.1-7.25 
(5H, m, CetJs): m/Z (ESI) 426 (M+ + 1+Na. 25%), 425 (M+ +Na. 100). 279 
(24), 236 (48). 21 1 (30), 183 (25), 151 (36). 119 (48), 87 (78), and 65 (25). 

20 

d) (rbW243.Cvelonentvloifv.^mBl:hoxvnhBnvlV2.phenvlethvn 
acetoxvbenzene 

From Intermediate 11 (0.14g, 0.33mmol) in CHaOH/dioxane (1:1, 40ml). 
Removal of the solvent in vacuo gave the title compound (0.1 3g ) as a 
25 colourless oil; 5h (CDCI3) 1.5-1.9 (8H, br. m. (0112)4), 2.24 (3H. s. 
COMe). 3.30 (2H, d, a 7.7Hz, PhCHCiia), 3.78 (3H, s, OMe). 4.1 1 (1 H, t, J 
7.7 Hz. PhCtlCH2). 4.65 (1H. br m, OCti). 6.65-6.8 (3H. m. CsUa). 6.88 
(2H. d. i 8.5Hz. 2xArli of Cebk). 6.98 (2H. d. i 8.5Hz. 2xArtl of CeH4). and 
7.1-7.3 (5H, m. CeUs): m/Z (ESI) 453 (M*-+ Na, 100%). 

30 

e) (jrV2.r2-fS.CvcloDentvloxv.4-methoxvDhenvlV2-Dhenvlethvn 
pyrazine 

From Intermediate 7b (520mg) in THF/EtOH (12ml, 1:5). Purification by 
column chromatography (SiOa: EI2O) gave the title compound (l 14mg) as 
35 a white solid, m.p. 71.5-7200. 5h (CDCI3) 1.4-1.9 (8H, br, m. (CH2)4). 
3.50 (2H, d, i 8.0 Hz, CJdaCH), 3.78 (3H, s, OMe), 4.51 (1H, t. d 8.0Hz, 
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ChlCH2), 4.66 (1H, br m, OCd). 6.7-6.75 (3H, m. ArhLaOtlQto OMe + 
2xArH meta to OMe ). 7.15-7.3 (5H, m, Cehis). 8.17 (1H. d. 1 1.5H2, 
pyrazine Jda), 8.31 (IH, d, i 2.5H2, pyrazine Ms), and 8.47 {1H, m, 
pyrazine tie). 

5 

f) faV3-T2-r3-Cyelopentvloxv-4-methoxvDhenvl>-2-Dhenvtethvn-2- 
methoxvDvrazine 

From Intermediate 7c (2.67g. 6.6mmol) in THF/EtOH (21ml, 1:20). 
Purification by column chromatography (SIO2; CH2CI2) furnished the titl£ 
10 compound (2.55g) as a colourless oil; 5h (CDCI3) 1.5-1.9 (8H, br m 
(Cli2)4). 3.42-3.60 (2H. m. CHCtb). 3.77 (3H. s. OMe). 3.89 (3H. s, OMe). 
4.67 (IH, t, J 8.0 Hz. CHCH2). 4.67 (IH, br m, OCU). 6.7-6.8 (3H, m, ArM 
ortho to OMe + 2 x Aifcl meta to OMe), 7.1-7.3 (5H, m, CeUs), 7.85 (1 H, d. 
J 2.8Hz. pyrazine M). and 7.96 (IH, d, i 2.8Hz. pyrazine H). 

15 

g) (+^ Methvl 4-f2-f3.CvclODentvloxv.4-methoxvphenvlV2-Dhenvl 
ethyllbenzoate 

From Intermediate 10 d (3.00g, 7.0mmol) in CHaOHHUF (1:1, 100ml) to 
afford the title compound (2.87q) as a colourless oum; SH(CDCb) 1.5-1.9 

20 (8H, br m (Ctl2)4). 3.34-3.37 (2H, m, PhCHCtia). 3.78 (3H, s, OMe). 3.87 
(3H, s, OMe). 4.15 (IH, t. i 8.0 Hz, PhCHCHa). 4.63 (IH, br m. OCU). 
6.65 (IH. dd. i 7.8. 2.0Hz, ArEoaca to cyciopentyloxy). 6.69 (IH. d. i 
2.0Hz, ArH ortho to cyciopentyloxy), 6.73 (IH, d, i7.8Hz, ArH ortho to 
OMe). 7.05 (2H. ca. d, i 8,5Hz. 2xArhlmfita to C02Me). 7.15-7.3 (5H. m, 

25 Cabs), and 7.83 (2H. ca- d. J 8.5Hz 2xArJl ortho to C02Me); m/Z (ESI) 
454 (M++1+Na, 40%), 453 (M++Na.100), 301 (12), 239 (10), and 213 (17). 

h) (±\ Methvl 3-f2-f3-CvcloDentvloxv-4-methoxvDhenvlV.2- 
Dhenvlethvnbenzoate 

30 From Intermediate 12 (140mg, 0.33mmol) in GH3OH/THF (1:1. 20ml) to 
afford the title compound (137mg) as a colourless gum. 5h (CDCI3) 1.5- 
1.9 (8H. br m (Cfc!2)4). 3.34-3.37 (2H, m, PhCHCli2), 3.78 (3H, s. OMe), 
3.88 (3H, s, OMe), 4.17 (IH, t, i 8.0 Hz, PhCllCH2). 4.64 (IH. br m. 
OCM). 6.65-6.75 (3H. m, Cehb). 7.1-7.3 (7H. m, C6hl5+2xArE meia and 

35 Earn to COaMe). and 7.75-7.85 (2H. m. 2xArH ortho to C02Me); 133/2 (ESI) 
453 (M++Na. 100%). 
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i) {±\ .3.y243-Cvel DentvlQxv -4.methoxvnhenvlV2-Dhenvlethvn 
pyridazine 

From Intermediate 7e (l.87g). Purification by chromatography (SIO2: 
5 EtaO-EtOAc) afforded the title compound (0.91 g) as a pale yellow oil; 5h 

(CDCI3) 1.5-1.9 (8H, br m. (CH2)4). 3.6-3.7 (2H. m, CHCfcia). 3.80 (3H. s. 

OMe), 4.55 (1H. t. J 8.0Hz. CMCH2). 4.65 (1H, br m, OCti). 6.7-6.8 (3H. 

m, Cahb). 6.93 (1H, dd, 1 8.5. 0.8Hz. pyridazine Ua). 7.1-7.3 (6H, m, 

C6tl5+. pyridazine Ids), and 8.97 (IH, dd. i 5.5. 0.8Hz. pyridazine Me): m/2 
1 0 (ESI) 397 (M++23, 70%). 375 . 72). and 281(1 00). 

(j) r->-V3.r2.f3-CvciQpentviQxv.4-methoxvDhenvl)-2-phenvtethvn 
benzoic acid 

From Intermediate 10b (1.75g, 4.23mmol) in CH3OH.THF (75ml. 2:1) to 
15 afford the titia nnmoound (1 .56g) as a pale orange gum; 6h (CDCI3) 1.5- 
2.0 (8H. br m. (Cli2)4). 3.2-3.6 (IH. v.br.s). 3.38 (2H, d, i 8.0Hz. • 
PhCHCU2), 3.79 (3H, s, Om. 4.18 (IH, 1. 1 8.0Hz, PhCilCH2). 4.65 (IH, 
br m. OCti), and 6.6-8.2 (12H, m. C6U5+C6ti4-t>Cfiti3). 

20 k) (HrW2-r2-f3-CvelQpentvloxv .4.methoicvDhenvlV.2.phenvlethvn-4- 
methvlpvridine 

From Intennediate 7f (1.03g). Purification by chromatography (SiOa: 
Et20) afforded the title compound (354mg) as a colouriess oil; 5h (CDCI3) 
1.5-1.9 (8H, br m. (Cti2)4). 2.19 (3H. s. pyridine Me). 3.43 (2H, dd, J 8.2, 
25 I.6H2, PhCHCti2), 3.78 (3H, s, OMe). 4.55 (IH, t, i 8.2Hz, PhCUCHa), 
4.65 (IH, br m. OCti). 6.7-6.75 {4H, m, C6U3+ pyridine tia). 6.85-6.9 (IH, 
m, pyridine Hs). 7.1-7.3 (5H. m, Cetis), and 8.38 (IH, sad. i 5.1Hz. 
pyridine tie)* 

30 I) (4-)-4-T243-Cvc lopentvloxv.4.methoxvDhenvlV2-Phenvlethvn 
pyrimidine 

From Intennediate 7g (1.1 Og). Purification by chromatography (Si02; 
Et20) afforded the title compound (299mg) as a colourless oil which slowly 
crystaUlsed on standing (Found: C. 76.82; H. 6.85; N. 7.35. C24H26N202 
35 requires C, 76.98; H. 7.00; N, 7.48%); 6h {CDCI3) 1.5-2.0 (8H. br m. 
(Cti2)4). 3.45 (2H, d, Jl 8.0Hz. CHCti2). 3.78 (3H, s. OMe). 4.52 (IH, t. J 
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8.0Hz. CHCH2). 4.65 (1H, br m, OCti), 6.7-6.8 (3H. m, CeHa). 6.89(1 H. 
dd. J 5.1, 1.2H2. pyrimidine ids), 7.15-7.4 (5H, m. Ceils), 8.44 (1H, d. i 
5.1 Hz. pyrimidine He), and 9.1 1 (1 H, d. i 1 .2Hz, pyrimidine idz)- 

5 m) 2-CvcloDentvloxv.4.r2-f4-fiuorophenvlV1.Dhenvlethvnanisol6 
From Intermediate 34a (65mg). Filtration through Celite® and 
concentration in vacuo afforded a colourless gum (62mg) which slowly 
solidified to give the title compound as a white solid; Sh (CDCI3) 1.5-1.95 
(8H. br m. (CJi2)4). 3.27 (2H, d, J. 8.2Hz. CHCtl2 pyridine). 3.78 (3H, s. 
1 0 OMe). 4.08 (1 H. t. J 8.2Hz. CHCH2 pyridine). 4.64 (1 H. br m. OCU). 6.6- 
6.75 (3H, m. Cetb). 6.8-7.0 (4H. m, C6tl4). and 7.1-7.3 (5H, m. Cehls). 

n) (+M-r2-/4-Chlorophenvt)-1-phenvlethvn-2-cycloDentvloxvanisole 
From Intermediate 34b (200mg. 0.49mmol). Trituration with hexane 

15 afforded the title compound (45mg) as a white solid m.p. 63oC. 5h 
(CDCI3) 1.5-2.0 (8H. br m. (CU2)4). 3.2-3.3 (2H, m, PhCHCtb). 3.78 (3H. 
s. OMe).4.08 (IH, t. i 7.8H2. PhCIlCH2). 4.63 (1H, br m. OCJd). 6.6-6.7 
(2H, m. Ariln)^ to OMe). 6.73 (IH. d. i 8.2Hz. ArUfiitilfi to OMe). 6.90 
(2H. d, J 8.3Hz. 2xArll of C6H4). and 7.0-7.3 (7H. m. Cetis + 2xArtl of 

20 C6H4) (N.B.) ('Hn.m.r. indicates the presence of sa 10% of the des-chloro 
compound): mJz 431 (M++2 + Na, 40%).430 (M+ + 1 + Na. 38), 429 
(M'^-i-Na. 100). 396 (22). 395 (92). 301 (15). 236 (15). 213 (15). and 60 
(27). 

25 0) (t)-3-r2-(3-CyclQpentylPxy-4-nigthPxyptieny»)-2-phenYlethYt]- 

From Intermediate lOe (390mg. I.OSmmol). Chromatography (SiOa; 
EtaO) afforded the title compound (200mg) as a colourless oil; Sh (CDCI3) 

1.5- 2.0 (8H. br m. (Cti2)4). 3.31 (2H. d. i 8.0Hz,CHCid2 pyridine). 3.78 
30 (3H, s. OMe). 4.1 0 (1 H, t, J 8.0Hz CHCH2 pyridine). 4.65 (1 H, br m. OCJH), 

6.6- 6.8 {3H, m, CeMa), 7.0-7.5 (7H, m, Cehis + pyridine il4, tis). 9.30 (1 H, 
d. i I.OH2, pyridine tb), and 9.48 (IH, dd. A 3.0, 2.0Hz, pyridine be), m/i 
(ESI) 374 (M++1 . 1 00%), 321 (20). and 306 (80). 



35 
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PvrWine 

A solution of Intermediate 8 (0.20g, 0.54mmol) In EtOH {10ml) containing 
EtaN (0.5ml) was hydrogenated over 10% Pd/C (54mg) for 18h. The 
reaction mixture was filtered through Cellte® and concentrated in vacuo . 

5 The residue was subjected to chromatography (SiOa; EtOAc/CHaOH, 
19:1) to afford the title compound (170mg) as a colourless oil. 5h (CDCI3) 
1,5-1.9 (8H. br. m, (Ctl2)4). 3.27 (2H. d, J 8.0 Hz. CtJb pyridine), 3.77 (3H, 
s. OMe). 4.10 (IH, t. 1 8.0 Hz, CHaCa pyridine), 4.62, (1H, br m, 
OCJdCHa), 6.5-6.8 (SH, m, Arid ortho to OMe+ 2xArtl mfiia to OMe ), 6.88 

10 (2H. dd, J 4.5, 1.5 Hz, pyridine Ub, Us), 7.06 (2H, dd. i 4.5, 1.5 Hz, 
pyridine hb. tls). 8.35 (2H. dd, i 4.5. 1.5 Hz, pyridine hb. Me), and 8.43 
(2H, dd, J 4.5, 1.5 Hz, pyridine tb, Hs): m/2 374 17%). 306 (32), 282 
(12). 215 (16), 214 (100), 154 (11), 129 (14), 93 (12). 57 (15), and 41 (18). 

15 Treatment of the title compound with ethereal solution furnished the HUfi 
compound dihydrochionde. m.p. 230-2330C (dec). 

a) ttM-f2-(»CYCiQPgmYtPXV-4-fTtgthoxvphOTYtV2'(4- 

20 fluorophenylethvll pyridine hydrochloride 

To Intermediate 14 (2.19g, 4.72mmol) in EtOH{50ml) was added NaOH 
(I.Og, 25mmol) in water (20ml). The reaction mixture was heated to reflux 
until complete hydrolysis (about 1h) and the pH adjusted to pH6 with 
concentrated hydrochloric acid (about 2ml). The reaction mixture was 

25 then heated to reflux until complete decarboxylation occurred (about 7h). 
Upon cooling, the yellow solution was half-concentrated and partitioned 
between 0.5N NaOH (100ml) and EtaO (100ml). The organic layer was 
washed with brine, dried (MgS04) and eyaporated. The residual yellow 
tinged gum (1.81g) was taken up in Et20 (50mi) and 2.5M hydrochloric 

30 acid in EtOH (about 2ml) was added to pH2. The solvent was evaporated 
and the yellow foam obtained redissolved in EtOH {20ml). EtaO was 
added until the solution became slightly cloudy and the mixture cooled to 
0^0 to give an off-white solid. The mother liquor was decanted off. the 
solid washed with Et20 and dried in vacuo to give the title compound 

35 (1.85g) as an off-white solid, m.p. 147-150OC. 5h (CD3OD) 1.50-1.90 (8H, 
m. (01^2)4). 3.70 (2H. d. CibAr). 3.75 (3H. s. OCJds). 4.45 (IH, t, CaAr). 
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4.75, (1H, m, OCJdCHa). 6.80 (3H, m. Ar). 7.05 (2H. m. Ar). 7.35 (2H, m. 
Ar). 7.90 (2H, d, Ar). 8.65 (2H. d, Ar): 133/2 (ESI) 393 (M+ +2. 12%). 392 
{M+ +1. 38). 300 (29). and 299 (100). 

5 The following compound was prepared in a similar manner to the 
compound of Example 5a. 

b) (+V4-f2.(3-CvcloDentvtoxv-4-methoxvDhenvlV2.(4-trlfluoro- 
methvlDhenvilethvnDvrldine hydrochloride 

10 From intermediate 25 (2.05g. 3.99 mmol) and NaOH (0.80g, 20mmol) to 
afford the free base (1.70g) as a pale yellow gum; 5h (COCIa) 1.5-1.9 (8H, 
br m, (Cil2)4), 3,36 (2H, d, 1 7.6, 0.8Hz. CHCJdz pyridine). 3.80 (3H, s. 
OMe).4.23 (1H, 1. 1 7.6Hz. CHCH2 pyridine). 4.67 (1H. br m. OCtD. 6.65 
(1H, d. J 2.0Hz. ArtiiMltlil to cyclopentyloxy). 6.70 (1H. dd. i 7.8. 2.0Hz. 

15 Artl cam to OMe), 6.79 (1 H. d. i 7.8Hz. Arfcl ortho to OMe). 6.94 (2H, d. 1 
5.2Hz, pyridine Ida, Ids). 7.30 (2H. d. i 8.3Hz. 2xArhl mfila to CF3). 7.55 
(2H. d, A 8.3Hz. 2xArllfiiltifl to CF3). and 8.42 (2H, d. i 5.2Hz, pyridine 
tbJde): m/2 (ESI) 443 (M++2, 24%) 442 (M++1, 87), 350 (22). 349 (100). 
261 (40). and 250 (30). 

20 

Treatment of the free base (1.65g) in Et2O(50ml) with ethanolic HCI 
(2.5M), concentration in yacuo and recrystallisation (EtOH-EtaO) afforded 
the title compound (1.66q> as an off-white solid m.p. 149-1520C; 5h (d4« 
MeOH) 1.55-1.95 (8H. br m. (Ct!2)4). 3.77 (3H. s. OMe). 3.78 (2H, d, i 
25 7.8Hz. CHCid2 pyridine), 4.60 (1 H, t, i 7.8Hz, CtlCH2 pyridine), 4.75 (1 H. 
br m. OCtl). 6.8-6.9 (3H, m. Cehb), 7.5-7.65 (4H. m. CetU), 7.91 (2H. d. 1 
5.2Hz pyridine 1±3. Us), and 8.68 (2H. d. i 5.2Hz. pyridine tbiie). (N.B. 
UCI not observed). 

30 c) (±H-B-(3-CYCipp9mvlQxy-4-mgthQxyphenY!)-g-thienytethy|] 

pyridine hydrochloride 

From Intermediate 33 (566mg, 1.25mmol). Chromatography (SiOa; 
EtOAc/hexane. 4:1) afforded the title .compound free base (350mg) as a 
colourless oil: 5h (CDCI3) 1.5-2.0 (8H. br m. (Cid2)4). 3.25 (1H, dd. J 13.5. 
35 £2. 8Hz. CHCtiAHB). 3.41 (1 H. dd. J 13.5, 7Hz. CHCHaIIb). 3.80 (3H, 
s. OMe), 4.36 (1H. t, ifia» 8. £a. 7 Hz, CaCHA He). 4.65 (1H, br m, OCM). 
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6.65-6.85 (4H, m , Cells + thiophene hb). 6.90 (1H, dd, a 5.1. 3.5Hz, 
thiophenell4). 6.94 (2H. dd. J 4.4, 1.6 Hz. pyridine ih,tis). 7.16. (1H, dd. 
i 5.1, 1.2Hz. thiophene Ms), and 8.40 (2H. dd. J 4.4. 1.6Hz. pyridine 
id2JHs); m/2 (ESI) 381 (M++2. 13%) 381 (M++1. 65), 288 (2). and 287 
5 (100). 

Treatment of the free base (270mg) in Et20 (15mi) with ethanoiic HCI 
(2.5M). afforded the title compound (226 mg) as a pale yellow solid. 5h 
(CDCI3) 1.5-1.9 (8H, br m. (Cil2)4). 3.51 (1H. dd. J. 13.5. 8.6Hz, 

10 CHCHaHb), 3.64 (1H. dd, i 13.5, 7.2Hz, CHCHaUb). 3-81 (3H, s, OMe), 
4.41 (1H. fia^t, Jffl.7.8Hz. CHCHa Hb). 4.72 (1H, br m. OCld), 6.64 (1H, 
dd, J 8.2, 2.0Hz. ArtLoata to OMe), 6.7-6.8 (3H, m, 2x Arfcl of Cetia + 
thiophene Ha). 6.91 (1H, dd. A 5.1, 3.5Hz, thiophene iU), 7.19 (1H. dd, i 
5.1, 1.0Hz. thiophene Hs). 7.49 (2H, d, J 6.3Hz, pyridine hb, Ms), and 8.55 

1 5 (2H, d. a 6.3Hz, pyridine Ha-Ue). 

EXAMPLE 6 

(4.Wurg-fa.Cvclopentvloxv-4.m ethQ»vV.2.Dhenvtethvnpvrtdlng-N-oxide 
A solution of a compound of Example 16 (i) (264mg) in peracetic acid 

20 (0.5ml) and CH2CI2 (50ml) was stirred at RT for 3h. Additional peracetic 
add (0.5ml) was added and the mixture stin'ed overnight then treated with 
saturated aqueous sodium sulphite for 5 min. The organic phase was 
separated and combined with further CH2CI2 extracts (2 x 30ml). The 
extract was washed with aqueous HCI (10%: 30ml). aqueous NaHCOa (2 

25 x 30ml), brine (30ml), then dried (MgS04). and concentrated jn vdQW- 
Purification by column chromatography (SIO2; 1-5% CH3OH/CH2CI2) gave 
a colourless oil which was triturated with Et20-hexane to afford the litis 
compound (260mg) as a white solid, m.p. 1 1 4-1 160C. Sh (CDCI3) 1 .5-1 .9 
(8H. br. m, (Ctb)4). 3.29 (2H, d, i 8 Hz. CHCUz), 3.80 (3H, s, OMe). 4.06 

30 (1 H, t, J 8 Hz. CHCH2), 4.67, (1 H. br m, OCtD, 6.65-6.8 (3H, m, Ard qHUq 
to OMe + 2xArilmfilato OMe ), 6.84 (2H. d. J 7 Hz, pyridine tis. ids). 7.1- 
7.35 (5H, m, Cetls). and 8.00 (2H. d. i 7Hz. pyridine hb, hk). (Optical 
rotation at 0.153g/100ml of EtOH [ap = +43°). 
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a) f±V3-[2-f3>CyclQpentvioxv-4-meth xvDhenvlV2-hvdroxv>2* 
Ph9nVlethYn-2-methoXYPYraz|pe 

n-BuLi (1.6M in hexanes; 6ml. 12mmol) was added dropwise at 4^0 to a 
solution of N. Jti-diisopropylamine (1.85ml, 13mmol) in THF (40ml). After 

5 0.5h, 2-methoxy-3-methylpyrazine (1.28ml. 11mmoi) was added dropwise 
at -TO^C and the mixture stirred for 2h at this temperature. A solution of 
Intermediate 2 (3.26g, llmmol) in THF (20ml) was added over 10 min at 
•70®C and the mixture stirred for a further 1h and then allowed to warm to 
RT. The reaction mixture was partitioned between CH2CI2 (75ml) and 

10 saturated NaHCOa (100ml). The organic layer was separated, combined 
with further CH2CI2 extracts (2x75ml). dried (MgS04) and concentrated m 
j£i£Ufi» The residue was subjected to chromatography (Si02; CH2CI2) to 
afford the title compound (2.94g) as a white foam. Sh (CDCI3) 1.5-2.0 
(8H. br m. (0^2)4). 3.63 (1H. d. J 14 Hz. CHH pyrazine). 3.77 (1H, d. i 

15 14Hz, CHH pyrazine), 3.79 (3H, s. OMe^^Ettlfi to cydopentyloxy), 3.97 
(3H, s. pyrazine OMe). 4.67 (1H, br m. OCJl). 6.72 (1H. dd. A 8.4Hz, Artl 
ortho to OMe^. 6.77 (1H, s. Otl), 6.91 (1H. dd. a8.4Hz, 2.0Hz, ArhcaEato 
cyclopentyloxy). 7.00 (1H, d. J 2.0Hz. ArHllIlllQto cydopentyloxy). 7.1-7.5 
(SH, m. Ceids). and 7.85-7.95 (2H, m, pyrazine lis. tie)* 

20 

The following compounds were prepared in a manner similar to the 
compound of Example 7a. 

b) (±>-3-r^f3-CYClQPgntYlPXV'4'methPXYPh9nYl)-8-hYdro?tv-g- 
25 pfTgnYlethyiipyrWgztng 

From 3-methylpyridazine (1.0ml) and Intermediate 2 (3.98g). Purification 
by chromatography (Si02; EtOH-CH2Cl2) afforded the title compound 
(4.02g) as an off-white solid. 

30 c) r±W2f-2-f3-Cv cloDentvloxv-4>m6tlioxvDhenvlV>2-hvdroxv>2> 

phenYtethyim-niethYlPYrWjpg 
From 2.4-dimethylpyridine (1.7ml, 14.5mmol) and Intermediate 2 (4.30g, 
14,5mmol). Purification by chromatography (Si02; CH2CI2) afforded the 
title compound (1.23q^ as a colourless oil (Found: C, 77.07; H. 7.10; N. 
35 3.25. C26H29NO3 requires C. 77,39; H, 7.24; N. 3.47%); 5h (CDCI3) 1.4- 
1.9. (8H. br m. (Cti2)4). 2.25 (3H. s, pyridine Me). 3.60 (2H. s. CH2 



wo 94/14742 



PCT/GB93/02d25 



72 

pyridine), 3.77 {3H, s, OMe). 4.68 (1H. br m, OCH), 6.72 (1H, d, J B.SHz, 
Arilfldbfl to OMe), 6.8-6.95 (3H, m, ArHoaia to cyclopentyloxy + pyridine 
tb. tis). 7.02 (1H, d, d 2.2Hz, ArM iZEttlfi to cyclopentyloxy), 7.1-7.3 (3H, 
m, meta and para ArU of CeHs). 7.46 (2H, £a d. J. 8.5Hz, ortho ArU of 
5 CeHs). and 8.23 (1H, d. i 6 Hz, pyridine He): m/2 (ESI) 404 (M++1. 
72%), 387 (13), and 386 (100). 

d) rj-WUr2-f3-Cvclonentvtoxv-4-methoxvDhenviV2-hvdroxv.2. 

phgnvlgthYnpYrimtdine 

10 From 4-methylpyrimidine (I.Omi) and Intermediate 2 (3.9Bg). Purification 
by chromatography (S102;CH2Cl2) afforded the title compound (2.56g) as 
a white solid; Sh (CDCI3) 1.5-2.0 (8H. br m, (CU2)4). 3.66 (2H. s. Cil2 
pyrlmldine). 3.77 (3H, s. OMe), 4.65 (1H, br m. OCll), 6.58 (1H, s, OM). 
6.72 (1H. d. a 8.4Hz, Arii jjfltlfl to OMe). 6.85 (1H, dd, J 8.4, 2.2Hz, ArU 

15 para to cyclopentyloxy). 6.98 (1 H, d, J 2.2Hz, ArtlJUltlQ to cyclopentyloxy), 
7.07 (1H. d. i 5.2Hz, pyrimidine ids), 7.15-7.45 (5H, m, Celds). 8.53 (1H, 
d. J 5.2Hz. pyrimidine Me), and 8.99 (1 H. s, pyrimidine Jdb)- 

gXAMPLE 8 

20 teV.2.r2^3-Cvelopentvloxv^methoxvDhenvlV2.phenviethvn-1- 
methvlDvrrole 

CH3NH2 (generated from a concentrated aqueous solution of CH3NH2.HCI 
and KOH) was bubbled into a stirred solution of Intermediate 21 (400mg) 
in toluene (20ml) containing a catalytic amount of CH3NH2.HCI at RT for 

25 0.5h. EtaN (2 drops) was added and the reaction mixture concentrated ja 
vacuo . The residue was subjected to chromatography (Si02; 20% 
Et20/hexane) to afford the title comoound (2g0mg) as a colourless oil. 5h 
(CDCI3) 1.5-1.9 (8H. br m. (01^2)4), 3.23 (2H. d. i 7.5Hz, CHCJdaCO). 3.28 
(3H, s, NMe). 3.79 (3H. s. OMe). 4.19 (1H. t. JL 7.5Hz. CHCJd2C0). 4.66 

30 (1H, m OCU), 5.74 (1H, m, pyrrole Ij), 5.97 (1H, app. t, J 3.2H2, pyrrole 
JD, 6.44 (1H. app. t, J 2.2Hz. pyrrole M), 6.67 (1H, d, J 1.8Hz, Arfcl sjittiQ to 
cyclopentyloxy), 6.70 (1H, dd, J 8.1Hz, ArH BSEato cyclopentyloxy), 6.76 
(1H, d, a 8 Hz, Artiflahfi to OMe), and 7.13-7,30 (5H. m, CeUs). 
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(±)-3-f2-(3-Cvclopentyloxv-4-meth xvphenvl)-2-phenvlethvn-5- 
hvdroxv-ri m-pvrazole 

A solution of Intermediate 22 (503mg.l.2mmol) and hydrazine 
monohydrate (73mg. I.Smmol) in EtOH (10ml) was heated to reflux for 

5 1.5h then cooled in an ice-bath. The crystalline product was filtered off. 
washed with cold EtOH and dried in vacuo to afford the title compound 
(3.5mg) as a white solid, m.p. 189-190OC. 5h (CDCI3) (indicates mixture 
of enolrketo forms; 2:1) 1.5-1.9 (8H, br m. (Ch!2)4), 2.85 (2/3H, s, Cti2C0; 
l<eto). 3.13 (4/3H. d. i 8Hz, PhCHCHa; Keto), 3.25 (2y3H, d. 8Hz, 

10 PhCHCa2; enol). 3.80 (3H. s. OMe). 4.12 (2/3H. t. i8Hz, PhCtlCH2; 
enol). 4.19 (1/3H, t. i 8Hz. PhCHCHa; l<eto), 4.68 (1H, m. OCd). 5.35 
(2/3H. s. MCaCOH; enol). 6.65-8.8 (3H. m. Cetia). and 7.15-7.35 (5H. m. 
CrHk). (N.B. 2/3H for HC=COH: enol and NU for keto and enol forms not 
observed). 

15 

EXAMPLE 10 

(±)-2-|'2-(3-Cvcloperrtvloxv-4-methoxvphenvn-2-Dhenvlethvnthiophene 
A mixture of Intermediate 19 (4.75mg) and Lawesson's Reagent (2,4-bis 
(4-methoxyphenyl)- 1 .3-dithia-2,4-diphosphetane-2,4-disulphide)(760mg) in 

20 toluene (10ml) was stirred at 85oC for 1.5h. The reaction mixture was 
cooled and filtered. The filtrate was concentrated /n vacuo and the residual 
oil subjected to chromatography (Si02: 10% Et20/hexane) to afford the 
title compound (380mg) as a colourless oil (Found: C. 76.12; H. 6.88. 
C24H26O2S requires C. 76.15; H, 6.92%); 5h (CDCI3) 1.5-2.0 (8H. br m, 

25 (Cti2)4), 3.56 (2H. d, J 7.6Hz. PhCHChb). 3.81 (3H. s. OMe), 4.21 (1 H, t, 
i 7.6Hz. PhCHCH2). 4.71 (1H. br m, OCtD, 6.63 (1H. dd. i 3.4. 0.9Hz. 
thiophene tb). 6.75-6.80 (3H. m. CeUa). 6.82 (1H, dd, JL 5.1. 3.4Hz. 
thiophene hi4), 7.05 (1H, dd. i 5.1. 1.2Hz, thiophene Ms), and 7.15-7.35 
(5H, m, Ceils). 

30 

gXAMPi^g 11 

(*V4-r2-f3-Cvciopentvloxv-4^ethoxvphenv».2-Dhenvlethvn benzoic 
acid monohvdrate 

Aqueous NaOH (10%; 50ml) was added to the compound of Example 3g 
35 (2.7g. 6.28mmol) in CH3OH (50ml) and the mixture heated to reflux for 3h. 
CH3OH was removed in vacuo, the remaining aqueous phase adjusted to 
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pH7 with concentrated hydrochloric acid then extracted with CH2CI2 
(2x100mi). The extract was dried (Na2S04) and concentrated in vsQfJP to 
afford the tttta cnmoound (2.41 g) as a white solid, m.p. 187-188.50C. 
(Found: C. 74.44; H. 6.40. C27H28O4. H2O requires C. 74.62: H. 6.96%). 

5 5h (CDCI3) 1.2-2.0 (-10H, br m, (Cld2)4+H20), 3.3-3.45 (2H, m. 
PhCHCH2). 3.78 (3H. s. OMe). 4.16 (1H. t, A 8.0Hz, PhCHCH2). 4.63 (1H. 
br m, OCtl), 6.62 (1H, d. i 2.0Hz, ArtlQrltlfl to cyclopentyloxy). 6.69 (1H. 
dd, 1 8.0. 2.0Hz. ArH para to cyclopentyloxy). 6.74 (1H, d, i 8.0Hz, Ard 
orthQ to OMe), 7.09 (2H. d. i 8.2Hz. 2 x Arfimfiia to CO2H), 7.15-7.3 (5H. 

1 0 m, Cetls). and 7.90 (2H, d. i 8.2Hz, 2xArM flflbfl to CO2H): m/Z (ESI) 439 
(M++Na, 100%). 415 (20). 331 (25). 302 (28). 301 (35). and 213 (70). 

EXAMPLE 12 

f-hUurg.f3.cveinDentvioxv^ethoxvDhenvlV2-phenvtethvl1 
15 benzamide 

To the compound of Example 11 (210mg. 0.52mmol) in CH2CI2 (10ml) 
was added EtaN (58mg, 0.58mmol) followed by isobutyl chlorofomiate 
(79mg, 0.58mmol) at RT and stirred for 0.5h. Ammonia was bubbled into 
the mixture for lOmin and stirring continued for a further 0.5h. The 

20 reaction mixture was poured into aqueous NaHCOs (20ml) and extracted 
with CH2CI2 (2x20ml). The extract was dried (MgS04). concentrated in 
vacuo and the residue subjected to chromatography (Si02: Et20)) to 
afford the title compound (150mg) as an off-white solid m.p. 73-750C. 5h 
(CDCI3) 1.5-1.9 (8H. br m. (CH2)4). 3.35-3.79 (2H, m. PhCHCtl2), 3.79 

25 (3H, s, OMe), 4.14 (1 H, t. i 8.0Hz. PhCtiCH2), 4.65 (1 H, br m, OCH). 5.5- 
6.0 (2H, v.br. s, CONJJ2). 6.65 (1H, d. J. 2.0Hz. ArhLorthO to 
cyclopentyloxy). 6.68 (1H. dd. i 8.1. 2.0Hz. ArE caia to cyclopentyloxy). 
6.74 (1H. d. J 8.1Hz ArtlfldbQ to OMe). 7.07 (2H. d. J 8.3Hz. 2xArilmfila 
to CONH2). 7.15-7.3 (5H. m. CeHs). and 7.62 (2H, d. J 8.3Hz. 2xAril QrthO 

30 to CONJda): m/Z (ESI) 439 (MT+I+Na, 25%), and 438 (M++Na, 100). 

EXAMPLE 13 

a) (+Vtert.ButvlN-/4.r2.f3.Cvcl opentvloxv.4.methoxvDhenvlV2- 
phenvlethvn phenvncarbamate 
35 To the compound of Example 1 1 (1.5g, 3.6mmol) in 2-methylpropan-2-ol 
(50ml) was added EtaN (360mg. 3.6mmol) followed by diphenylphosphoryl 
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azide (990mg. 3.6mmol) and the mixture heated to reflux for 3h. The 
cooled reaction mixture was poured into aqueous NaHCOs (100ml) and 
extracted with CH2CI2 (2x1 00ml). The extract was dried (MgS04), 
concentrated in vacuo and the residue subjected to chromatography 

5 (SiOa; hexane/Et20, 2:1) to afford the title compound (510mg) as a white 
solid m.p. 123-I250C; 5h (CDCI3) 1.49. 1.50 (9H. s, CMea). 1.5-1.95 (SH. 
br m. (Cll2)4+H20). 3.25 (2H, d, J 7.5Hz, PhCHCH2), 3.782. 3 .790 (3H, s. 
OMe). 4.10 (1H. t. i 7.5Hz, PhCtiCH2). 4.65 (1H, br m. OCM), 6.33 (1H. br 
s. NM). 6.65-6.75 (3H, m, Cetls), 6.91 (2H, -d, J 8.4Hz. 2xArH ortho to 

10 NHCOCMea), and 7.1-7,45 (7H. m, C6Jl5+2xArllmgta to NHC02CMe3), 
[N.B. CONH confonners observed by 'Hn.m.r.]. 

The following compound was prepared in a manner similar to the 
compound of Example 13a. 

15 

b) (±Hert.BHtyl N-{3W»CVClQPgmYlO^Y-4-mgthQyYPhgnY|)-2- 

phgnylgthynpher^yDcarbanijrtg 

From a compound of Example 3 j (1.44g, 3.46mmol), in 2-methylpropan-2- 
oi (SOmi), EtsN (0.35g, 3.46mmol) and diphenylphosphoryl azide (0.95g, 
20 3.46mmoi). Purification by chromatography (Si02; hexane-EtOAc, 4:1 ) to 
afford the title compound (0.64g) as a colourless gum; Sh (CDCI3) 1.4-1.9 
(8H. br m. (Cld2)4). 1-50 (9H, s, CMes). 3.28 (2H. ca^d. J. 8.0Hz, 
PhCHChi2). 3.77 (3H, s, OMe), 4.16 (1H, t. i 8.0Hz. PhCHCH2). 4.65 (1H, 
br m OCld). 6.39 (1H, br s, NM). and 6.6-7.4 (12H, m. C6a5+C6ll4+C6Ji3). 

25 

EXAMPLg 14 

(±H-f2'f3-CYP»QPgntY>QXY'4-iTimhP3WPh9PY'K'PhgPY'ethYnphenY^ 

gthvlcarftamate 

Ethyl isocyanate (71 mg, I.Ommol) and a catalytic amount of EtsN (10(il) 
30 was added to a compound of Example 3b (300mg, 0.8mmol) in toluene 
(20ml) and the mixture heated at 6(PC for 4h. The reaction mixture was 
poured into aqueous NaHCOa (50ml) and extracted with CH2CI2 (2x50ml), 
The extract was dried (MgS04), concentrated m vacuo, and the residue 
subjected to chromatography (Si02: Et20/hexane, 1:1) to afford the tilla 
35 compound (140mg) as a colourless gum; 8h (CDCI3) 1.18 (3H, t. J 7.2Hz, 
NHCH2Me). 1.5-2.0 (BH, br m. (Cjd2)4). 3.2-3.35 (2H, m. NHCtbMe), 3.29 
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(2H. d. i 7.8Hz, PhCHChl2). 3.78 (3H. s. OMe), 4.11 (1H. t. i 7.8H2. 
PhChiCHa). 4.65 (1H. br m. OCH). 4.98 (1H, br s. NH). and 6.6-7.3 (12H, 
m. C6Jd5+C6tl4+C6li3): m/2 (ESI) 483 (M++1+Na. 38%). 482 (100). and 
186(23). 

5 

EXAMPLE 15 

(i) (^■)-4-r1-f3-CveloDentvlox v■4-methoxvDhenv^V2'(4-pv^idvnethvn 

PYrititne 

(ii) M ■4.f 1 3.Cvelooentvtoxv -4-methoxvphenvl>-2-(4-Dvridvnethvn 
10 pyridine 

A 60mg ml-^ solution of the compound of Example 4 in BOH was made 
up and prefiltered through a 45^ filter. The sample soution was injected 
onto a preparative chlracel OJ preparative column (mobile phase: 90:10, 
hexane/EtOH; flow rate 6ml.mln-^) in 0.5ml aliquots (a column loading of 
15 30 mg). The two enantiomeric peal<s were collected with a typical 
retention time of 50 to 63 min for the first peak and 70 to 105 min for the 
second peak. 

EXAMPLE 16 

20 (i) (*>-4-f2W3^elonentvloxv -a.methoxvDhenvlV2-Dhenvlethvn 
fiXCUlafi 

(ii) M.4-r2.f3-Cvft ionentvloicv.4.methQ«vDhenvlV2-Phenvlethvn 
PYrtdiPe 

The compound of Example 3a (500mg) was made up to a lOOmg ml-^ 
25 solution in EtOH, filtered through a 45n filtron. The sample solution was 

injected onto a preparative chiracel OJ preparative column (mobile phase; 

80:20, hexane/ElOH; flow rate 6ml.mln-i) \n o.9ml aliquots. The two 

enantiomeric peaks were collected with a typical retention time of 22 to 32 

min for the first peak corresponding to tftle enantiomer (i) (optical rotation 
30 at 0.151g/100ml of EtOH [oj^ = +37°) and 42 to 80 min for the second 

peak, corresponding to titia anantiomer (ii) (optical rotation at 

0.151g/100ml of EtOH [a]^ = +360). 

rHIRArEL SEPARATION OF OTHER ENANTIOMERS OF THE 



35 



INVENTION: 
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The procedures described in Examples 15 and 16 were repeated [flow 
rate of 0.75ml.min-i] with the following compounds, to obtain each 
enantiomer with the retention time shown: 



Compounds of 


Mobile Phase 


Peak A 


Peak B 


/ ^ A V a M h a n A 1 \ 

(nexane^einanoi ) 


\iniii^ 


/In^n^ 


Example lb 


80:20 


22.21 


30.96 


Example 5a 


80:20 


10.76 


13.22 


Example 5b 


80:20 


7.31 


7.93 


Example 1c 




13.96 


17.44 


Example 3e 


80:20 


17.87 


30.34 


Example 31 


80-^0 


17.73 


26.54 


Exmple 3i 


80-^0 


17.33 


25.50 


Example 3f 


90:10 


11.77 


13.25 


Example 3g 


80:20 


19.30 


40.32 


Example 8 


80:20 


13.52 


15.42 


Example 27 


70:30 


31.54 


50.03 


Example 1 1 


80:20 


20.00 


42.00 


Example 3k 


80:20 


6.25 


7.10 


Example 21 


80:20 


15.67 


20.64 


Example 25 


80:20 


15.47 


17.90 


Example 22 


80:20 


8.30 


11.00 


Example 33 


80:20 


13.82 


15.15 


Example 31 


80:20 


21.87 


28.84 


Example 10 


80:20 


10.96 


11.81 


Example 24 


85:15 


36.81 


39.07 


Example 5c 


80-^0 


18.96 


54.27 



5 



EXAMPLE 17 

f+\-44243.4-DimathoxvDhe nYl).2-phenvlethvnDVridine 

NaH (60% dispersion in oil) (235mg, 6.09mmol) was washed with hexane 
10 {2x20mi). DMF (10ml) was added followed by Intermediate 23 (500mg, 
1.46mmol) and the mixture stirred for 0.5h before adding methyl iodide 
(210mg, 3.81mmol). The reaction mixture was stirred overnight at RT. 
rnnrantrated /n vacuo and the residue subjected to chromatography 
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(SiOa) to afford the title compound as a pale yellow gum. 5h (CDCI3) 
3.35 (2H, d. J 8.OH2, PhCHCHa). 3.80 (3H, s. OMe), 3.86 (3H, OMe). 
4.20 (1H, t, J 8.0Hz, PhCiiCH2), 6.67 (1H. d, d 2.0Hz. ArH ortho to OMe 
and CH), 6.7-6.8 (2H. m. Artlcara to OMe+Arhl fflltis to OMe and meta to 
5 CH), 6.97 (2H. £& d. J £& 5.0Hz, pyridine H3. H5).7.15-7.35 (5H, m. GeHs). 
and 8.42 (2H. ea d. i£a S.OHz, pyridine ihMs); m/z (ESI) 342 (M++Na, 
21%). 320 (30). 228 (40). 227 (100). 213 (12). and 196 (12). 

EXAMPLE 18 

10 f±)-2*y2f(3-CvcloDentvloxv-4*nfiethoxvDhenvl^2-Dhenviethvnbenzofd1 
thiazole 

intermediate 19 (1.26g. 3.5mmol) in CH2CI2 (6ml) was added to a stinred 
soiution of 2-aminothiophenol (0.44g. 3.51 mmol) in CHaCIa (8mi) and 
pyridine (2ml) at -looc. The reaction mixture was stirred at -7000 for 20h, 

15 warmed to RT. concentrated in vacuo, and the residual brown oil 
subjected to chromatography (SiOa; EtOAc-hexahe. 1:1) to afford the liUfi 
compound f826ma) as a oale green oil (Found: C. 75.15; H. 6.31; N, 
3.30. C27H27NO2S requires C. 75.49; H. 6.34; N, 3.26%); 5h {CDCI3) 
1.5-1.9 (8H. br m, (CH2)4). 3.78 (3H, s, OMe), 3.83 (2H. fia d, jlfia 8Hz. 

20 PhCHCJtb). 4.60 (1H, t. J 8.0Hz. PhCllCH2), 4.63 (1H. br m, OCM), 6.7- 
6.85 (3H. m, Ceiia). 7.1-7.45 (7H, m, C6H5+ benzothiazole HsJtie). 7.74 
(1 H, £a d. J 8Hz. benzothiazole M4 or Jl7)» and 7.95 (1 H, £a d, J £a 8Hz, 
benzothiazole H4 orhly). 

25 EXAMPLE 19 

(±>4-T1'^3»Cvclopentvloxv-4*methoxvphenvl>-2-(4-Dyridvl)ethvll 
benzaideriy^e 

NaOH (800mg. 20mmol) in water (20ml) was added to a solution of 
Intermediate 24 (2.46g» 4.87mmol) in EtOH (50ml) and the mixture heated 

30 to reflux for 1 .5h. Concentrated hydrochloric acid was added to pH 4.5 
and the mixture heated to reflux for 18h to complete the decarboxylation. 
The reaction mixture was concentrated to half- volume and partitioned 
between NaOH solution (0.5M; 100ra!) and EtaO (100ml). The organic 
layer was separated, washed with brine (25ml). dried (MgS04). and 

35 concentrated in vacuo to afford the title compound (1.80g) as a pale 
orange gum; 5h (CDCI3) 1,5-2.0 (8H, br m, (Ctl2)4). 3.35 (2H, fia d, J 
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7.8Hz, CHCtb pyridine). 3.80 (3H, s, OMe). 4.25 (1H. t, J 7.8Hz. CHCH2 
pyridine), 4.65 (1H. br m. OCM). 6.63 (1H. d. 1 1.8Hz. ArH ortho to 
cyclopentyloxy). 6.70 (1H, dd, i7.8. 1.8Hz. ArHcaia to OMe), 6.78(1 H. d. 
a 7.8Hz, ArH ortho to OMe). 6.92 (2H, sa d. J fiJHz, pyridine ids, ids). 7.35 

5 (2H, d, J 8.3Hz, 2xAriH meia to CHO), 7.79 (2H, d, J 8.3Hz. 2xArH ortho to 
CHO). 8.40 (2H, £a d. a 6.7Hz. pyridine ti2.H6) and 9.97 (1H. s. CHO); m/Z 
(ESI) 402 (M+ +1,38%). 310 (22). and 309 (100). Treatment of the title 
compound (400mg) in Et20 (40ml) with ethanolic HCI (2.5MJ and 
concentration in vacuo afforded the title eomoound hydrochloride (420mg) 

10 as a yellow solid. 

EXAMPLE 2Q 

f+V4^2^3.CvcloDentv loyv-4.m6thoitvnhenvlV.2.f4^vdroxvmethvl 

PhgnYDgthYnPYTiding 

15 Sodium borohydride (235mg, 6.21 mmol) was added portionwise to the 
compound of Example 19 (1.1 1g. 2.85mmol) in EtOH (35ml) at -200C. 
The suspension was allowed to warm to RT and stirred for 18h then treat 
ed dropwise with glacial acetic acid. The reaction mixture was 
concentrated /n vacuo and the residue partitioned between Et20 (50ml) 

20 and NaOH solution (MJH 50mt). The organic phase was separated, dried 
(MgS04) and concentrated in vacuo , to' afford the title compound (1.03g) 
as a colourless gum m.p. 179-1820C: 5h(CDCI3) 1.5-2.0 (8H, br m, 
(Ctl2)4). 2.4 (1H. v.br.s. CH201d) . 3.31 (2H. d. i 7.9Hz. CHCH2 pyridine). 
3.80 (3H. s. OMe), 4.15 (1 H, t. J 7.9Hz, CJICH2 pyridine), 4.65 (3H. sl.br.s, 

25 OCd+CtteOH), 6.6-6.8 (3H, m, Cetb), 6.92 (2H, ca d, J 6.5Hz, pyridine 
Us. his). 7.19 (2H. d, J 8.1Hz, 2xArtl of C6H4). 7.26 (2H, d. J 8.1Hz, 2xAril 
Of C6H4). and 8.35 (2H. £a d. i 6.5Hz. pyridine Mzttie): m/z (ESI) 404 (M^ 
+1, 35%), 312 (30). and 31 1 (100). 

30 Treatment of the titiB eomtaound (600mg) in Et20 (50ml) with ethanolic HCI 
(2.5M). concentration in vacuo followed by recrystallisation (EtOH-Et20) 
afforded the title compound hydrochloride (602mg) as a white solid; 5h 
(d4-MeOH) 1.5-2.0 (8H, br m, (Cti2)4). 3.72 (2H. d, i 8.1Hz, CHCfcb 
pyridine), 3.76 (3H, s, OMe). 4.44 (1H, t, J 8.1Hz. CHCH2 pyridine). 4.55 

35 (2H. s. Cja20H). 4.74 (1 H. br m. OCid). 6.8-6.85 (3H, m. Cebia). 7.25-7.35 
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(4H, m, CstU). 7.87 {2H, ea d. J 6.8H2, pyridine ih. ids), and 8.62 (2H, ea 
d. J 6.8Hz. pyridine h2.tk) (N.B. CH2OII and MCI not observed). 

5 f±V4.f2-(3-Cvc»opentvloxv.4-methoxvDh envlV2.^4.methoxvinethvl. 
phenyltethyllpvridine 

The compound of Example 20 (400mg, 1.02mmol) in THF (lOml) was 
added to a suspension of NalH (60% dispersion in oil) (124mg. S.ogmmol) 
in THF (10ml) at 0°C then allowed to warm at RT over 0.5h. The mixture 

10 was cooled to -2QPC, treated with a solution of methyl iodide (98.4(ii, 
1.58mmol) in THF (5ml) and allowed to warm to RT. A further portion of 
methyl iodide (SOOm-L. 4.8mmol) was added and the mixture allowed to stir 
at RT overnight then concentrated in vacuo . The residue was subjected to 
chromatography (SiOa; EtOAc-hexane) to afford the title compound 

15 (125mg) as a pale yellow gum; 5h (CDCI3) 1.5-2.0 (BH, br m, (Cld2)4). 
3.29 (2H, d. d 8.3Hz. CHCtl2 pyridine). 3.38 (3H, s. CHaOMe), 3.80 (3H. s. 
0M8). 4.14 (1H. t, J 8.3Hz, CtlCHa pyridine). 4.40 (2H. s, Ca20Me), 4.63 
(1H. br m. OCM). 6.6^.8 (3H, m. Cetia). 6.92 (2H. £& d. J 6.5Hz. pyridine 
tb. Us). 7.18 (2H, d, J 8.2Hz, 2xAra of C6H4), 7.25 (2H, d. J 8.2Hz. 2xArli 

20 of C6H4). and 8.39 (2H. fia d, J 6.5Hz. pyridine ^2 Jde); m/Z (ESI) 41 9 (M+ 
+2, 1 5%). 41 8 (M*" +1 . 45), 326 (33), and 325 (100). 

Treatment of the title compound (lOOmg) in EtaO (25ml) with ethanolic HCI 
(2.5M) then concentration in vacuo and recrystaliisation (EtOH-EtaO) 

25 afforded the titia compound hydrochloride (I02mg) as an off-white solid 
m.p. 182-18500; 5h (d4-MeOH) 1.5-1 .9 (8H, br m, (Ctl2)4). 3.34 (3H, s, 
CH20Me). 3.71 (2H, d. 1 8.3Hz. CHCth pyridine), 3.75 (3H. s. OMe). 
4.39 (2H. s. Cid20Me). 4.43 (1 H. t. J 8.3Hz. CHCHa pyridine). 4.73 (1 H. br 
m. OCti). 6.75-6.85 (3H, m. Cetia), 7.25 (2H, d. i 8.3Hz. 2xArii of C6H4). 

30 7.32 (2H. d, J 8.3Hz, 2xArti of C6H4), 7.84 (2H, ca d, J 6.7Hz, pyridine tb. 
iis). and 8.61 (2H. sa d, J 6.7Hz. pyridine t!2±l6). 

EXAMPI-E 22 

feV4.f2>f3-Cvc lopentvloxv.4-m6thoxvDhenvlV2-f4-dimethvtamlno. 

35 rngthvlPhgnvOgthynpYrldin^ 
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Ethanolic HCI (2.5M) was added dropwise to dimethylamine (3.6ml of a 
14% w/v solution In CH3OH, 1 l.lmmol. 7.6eq) followed by the compound 
of Example 19 (570mg, l.46mmol) In CH3OH (5ml) and sodium 
cyanoborohydrlde (92mg, 1.46mmol) in one portion. The reaction mixture 
5 was stirred at RT for 24h then concentrated in vacuo and partitioned 
between EtOAc (25ml) and NaOH solution (2M). The organic layer was 
separated, dried (K2CO3), and concentrated in vacuo to give a pale brown 
gum which was subjected to chromatography (SiOa: CH3OH-CH2CI2, 
1:19) to afford the title componnri (310mg) as a pale yellow gum; 6h 

10 (CDCI3: 250MHz) 1.5-2.0 (8H. br m, (Cil2)4). 2.21 (6H, s. NJ!^), 3.29 (2H. 
d. i 7.9H2. CHCtl2 pyridine), 3.37 (2H, s. CifeNMea), 3.79 (3H, s. OMe), 
4.13 (1H, t. J 7.9Hz, CJICH2 pyridine), 4.64 (1H. br m. OCM). 6.63 (1H. d. 
J 1.9Hz, ArtlflEtdQ to cyclopentyloxy), 6.68 (1H. dd, J 8.2, 1.9Hz, ArH oara 
to OMe), 6.74 (1 H, d. J 8.2Hz, Artl flflbQ to OMe). 6.92 (2H. ca d. i 6.0Hz. 

15 pyridine fcb. Us). 7.13 (2H. d. i 8.2Hz. 2xAri± of C6H4), 7.24 (2H, d, 1 
8.2Hz, 2xArtl of C6H4). and 8.37 (2H, £a d, i 6.0Hz, pyridine id2.ii6): m/2 
(ESI) 432 (M++2. 30%), 431 (M+ +1. 100). 338 (31), 294 (16), 226 (16), 
and 136(9). 

20 Treatment of the title eomoounri (31 Omg) in Et20 (25ml) with ethanolic HCI 
(Z5M) and concentration in vacuQ afforded the title Romnnnnri 
dihvdfochtoririft (360mg) as a pale yellow solid; 5h (d4-MeOH) 1.5-2.0 (8H, 
br m. (Cii2)4), 2.82 (6H.S. CH2NMe2). 3.75 (5H, sl.br.s. OMe + CHCII2 
pyridine). 4.27 (2H. s, CH2NMe2). 4.52 (1H. t. J.£a 8.0Hz, CllCHa 

25 pyridine). 4.78 (1H. br m. OCtl). 6.8-6.9 (3H. m, CeJds). 7.4-7.6 (4H, m. 
C6tl4). 7.88 (2H, rza d. i 6.7Hz. pyridine Ms. lis). 8.63 (2H, ca d, J 6.7Hz, 
pyridine hiaile) (N.B. HCI not observed). 

EXAMPLE 23 

30 f±M-ri-(3^clODentvioxv^metho»vHhenvi).g./4. 
DvrldvltethvnbenMie arid 

Aqueous sodium dihydrogen phosphate (5%; 15ml), then KMn04 (2.0g, 
12.7mmol) in water (20ml), were added to a solution of the compound of 
Example 19 (1.50g, 3.85mmol) in t-butanol (25ml) at RT. After 0.25h, 
35 aqueous sodium sulphite solution (20ml) was added, the reaction mixture 
filtered through Celite®. the filter pad washed well with NaOH solution 
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(0.5M). and the filtrate concentrated in vacuo. The residue was partitioned 
between Et20 (50ml) and water (50mi), the aqueous phase separated and 
acidified to pH 4 with concentrated hydrochioic acid. The mixture was 
cooled overnight at about 4<>C, the precipitate filtered off and washed with 

5 water then Et20 and dried in vacuo to afford the title compound (950mg. 
61%) as a white solid m.p. 161-1630C; 5h (d4-MeOH) 1.5-1.9 (8H, br m, 
(Chi2)4), 3.42 (2H, d. J 8.0H2, CHCHa pyridine). 3.75 (3H, s, OMe), 4.35 
(1H, t. i 8.0Hz, CHCH2 pyridine). 4.70 (1H, br m. OCtl), 6.7-6.85 (3H. m. 
Ceih). 7.18 (2H. d. J 6.7Hz. pyridine Ms. tis). 7.38 (2H. d. J 8.3Hz. 2xArM 

10 meta to CO2H), 7.93 (2H, d. J 8.3Hz. 2xArti iattlQ to CO2H), and 8.30 (2H, 
d. i 6.7Hz. pyridine Jd2±i6) (N.B. CO2M not observed): m/2 (ESt) 419 
(M^+2, 12%). 418 IM*--<-1. 40). 326 (23) and 325 (100). 

Treatment of the title compound (235mg) in Et20 (25ml) with ethanolic HCI 
15 (2.5M), concentration in vacuo and recrystallisation (EtOH-Et20) afforded 

the title compound hydrochloride (224mg) as a white solid; 5h (d4-MeOH) 

1.5-1.9 (8H. br m. {CUiIa), 3.75(2H. d. i 8.OH2. CHCtiz pyridine), 3.75 

(3H, s. OMe). 4.52 (1H. t, i 8.0Hz. CHCH2 pyridine). 4.74 (1H. br m. 

OCm. 6.8-6.9 (3H. m. Cetb). 7.43 (2H. d. i 8.3Hz, 2xArllmfila to CO2H). 
20 7.80 (2H. d. A aSHz, 2xArbli2rttlQ to CO2H). 7.88 (2H. d. 1 6.7Hz. pyridine 

Us. ills), and 8.62 (2H. d. 1 6.7Hz. pyridine Jd2.hl6) (N.B. COzU and HCI 

not obsen/ed). 

EXAMPLE 24 

25 (i:>-4.f1-f3.CvctODentvtox v-4-methoxvphenvl^2-(4-Dvridvnethvn 

H-Methyimorpholine (163(iL, 1.48rmnol. I.Seq) then isobutyl chloroformate 
(142)iL, 1.09mmoi. 1.1 eq) were added to the compound of Example 23 
(400mg. I.OOmmol) In THF-DMF (20ml: 3:1) at -20«>C. Concentrated 

30 aqueous ammonia solution (1 .0ml) was added, the mixture allowed to 
warm to RT overnight then concentrated in vacuo . The residue was 
partitioned between EtOAc (25mi) and NaOH solution (1M; 20ml). The 
organic layer was separated, washed with phosphate buffer (pH 7). dried 
(MgS04). and concentrated in vacuo . The residue was subjected to 

35 chromatography (Si02: CH3OH-CH2CI2, 1 : 1 9) to afford the title compound 
(245mg) as a pale yellow gum m.p. 180-182OC; 5h (CDCI3; 250MHz) 
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1.5-2.0 (8H. br m. {CUziA). 3.32(2H, d. i 7.9H2, CHChb pyridine). 3.80 
(3H. s. OMe). 4.20 (1H. t. i 7.9Hz, CHCH2 pyridine). 4.64 (1H. br m. 
OCH), 5.6 (1 H. v.br.s. CONH), 6.0 (1 H. v.br.s. CONH). 6.63 (1 H. d. J 2Hz, 
ArH ortho to cyclopentyloxy). 6.68 (1H. dd. J. 8.2. 2.0Hz, ArH para to 
5 OMe), 6.76 (1 H. d. i 8.2Hz. ArH ortho to OMe), 6.92 (2H, ca d. i 6.0Hz, 
pyridine Ma, Jds). 7.26 (2H, ca d, i 8.3Hz, 2xAr\±msiSL to CONH2). 7.71 
(2H, fia d i 8.3Hz, 2xAril2lttU2 to CONHa) and 8.40 (2H. ca d. i 6.0Hz. 
pyridine ii2±te): mfZ (ESI) 418 ttd++2, 15%), 417 (M++1. 48). 325 (22). 
and 324 (100). 

10 

Treatment of the title compound (240mg) in Et20 (25ml) with ethanplic HCI 
(2.5M), concentration in vacuo, and recrystallisation (EtOH-Et20) afforded 
the title compound hydrochloride (245mg) as a white solid; 5h (d4-MeOH) 
1.5-2.0 (8H. br m, (CJl2)4). 3.75 (2H. d, i 8.2Hz. CHCtj2 pyridine), 3.75 
15 (3H, s. OMe), 4.54 (1H, t. J 8.2Hz, CHCHg pyridine). 4.76 (1H. br m. 
OCJD, 6.8-6.9 (3H, m, Cetb). 7.44 (2H, d. i 8.4Hz. 2xAram£la to 
CONH2), 7.88 (2H, d, i 6.7Hz, pyridine ba. Us). 7.94 (2H, d, J 8.4Hz, 
2xArU fldbfi to CONH2). and 8.63 (2H. d, A 6.7Hz. pyridine ij2.id6) (N.B. 
CONJda and UCI not observed). 

20 

EXA MPLE 

(±)-Ethvl4-rH3-QvclQpemYloxY-4-methQXYphgnvlK-(4-PYrjdYl)?thYll 

benzoate 

Acetyl chloride (500M.L) was added to EtOH (10ml) followed by the 
25 compound of Example 23 (385mg. 0.95mmol) and the resulting solution 
heated to reflux for 18h. The reaction mixture was concentrated in vacuo 
and the residue partitioned t>etween aqueous sodium carbonate solution 
(2M: 10ml) and Et20 (25ml). The organic layer was separated, dried 
(MgS04), concentrated in vacuo and the residue subjected to 
30 chromatography (Si02; EtOAc-hexane. 1:1 to 3:2) to afford the title 
compound (300mg) as a pale yellow gum m.p. 170-173°C; 5h (CDCI3) 
1.39 (3H. t. i 7.5Hz. C0CH2Me). 1.5-2.0 (8H, br m, (CH2)4). 3.32 (2H. d, J 
8.0Hz, CHCt!2 pyridine). 3.80 (3H. s. OMe). 4.20 (1 H. t. i 8.0Hz, CtlCH2 
pyridine). 4.30 (2H. q. i 7.5HZ. COCifcMe). 4.62 (1H. br m, OCil). 6.65 
35 (1 H, d, i 2.0Hz, ArH ortho to cyclopentyloxy). 6.68 (1 H. dd, i 7.8. 2.0Hz, 
ArtiQaia to OMe). 6.78 (1 H. d. J 7.8Hz. Arjl2dtlfi to OMe). 6.92 (2H, dd. 
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i 5.2, 0.8Hz, pyridine tis. hs). 7.25 (2H, d. 1 8.5Hz, 2xArllmfila to 
COaEt). 7.94 (2H. d. i 8.5Hz. 2xArtlQEttifl to COaEt). and 8.40 (2H, dd. J 
5.2. 0.8H2. pyridine a2.Jd6): ffi/2 (ESI) 447 (M*+2. 20%). 446 (M*+1. 63). 
354 (27). 353 (100). and 285 (35). 

5 

Treatment of the title compound (295mg) in EtaO (25ml) with ethanolic HCI 
(2.5M). concentration in vacuo and recrystailisation (EtOH-EtgO) afforded 
the title compound hydrochloride (300mg) as an off-white solid; 5h (d4- 
MeOH) 1.36 (3H. t, J 7.2H2, COCHzMe), 1.5.1.9 (8H. br m. (Ca2)4), 3.73 
10 (2H. d. J 8.2Hz. CHCtIa pyridine). 3.76 (3H. s. OMe). 4.33 (2H. q. J 7.2Hz. 
COCtfeMe). 4.53 (1H. t. i8.2Hz, CHCH2 pyridine). 4.75 (1H. br m, OCM). 
6.8-6.9 (3H. m. Cshb). 7.45 (2H. d, i 8.4Hz. 2xArtl mfila to COaMe). 7.84 
(2H. d, >i e.SHz. pyridine th. tis). 7.94 (2H. d. i 8.4Hz. pyridine tiz^). 
and 8.61 (2H. d. J 6.5Hz, pyridine tizMe)- 

15 

5XAIVIPi ,5 

faV2.ChlQro.4-r243.cyeloD6ntvloxv-4-methoxvDhenvlV2-Dhenvlethvn 
pyridine 

A mixture of the compound of Example 6 (2.39g, 6.16mmol) and 
20 phosphorus oxychloride (25ml) was heated to reflux overnight. The 
reaction mixture was cooled to RT then carefully added to saturated 
potassium carbonate solution (250ml). Potassium hydroxide (2M) was 
added to pH 7.5 and the yellow*orange mixture extracted with EtOAc 
(3x50ml). The extract was washed with brine (30ml), dried (MgS04). and 
25 concentrated in vacuo to give a red-brown gum which was subjected to 
chromatography (SiOa; Et20-hexane. 1:1) to afford the title compound 
(1.16g. 46%) as a pale yellow gum; 8h (CDCta) 1.5-2.0 (8H. br m. (Cil2)4). 
3.30 (2H. d. J 8.0Hz. PhCHCId2). 3.80 (3H, s. OMe). 4.14 (1H. t. A 8.0Hz. 
PhCtlCHa), 4.66 (1H. br m, OCtl). 6.68 (1H, d, i 2.0Hz, ArH ortho to 
30 cyclopentyloxy), 6.69 (1 H, dd. J 8.0, 2.OH2, ArM jaaia to OMe), 6.76 (1 H, d. 
J 8.0Hz, ArH ortho to OMe), 6.84 (1H. d. J 6.5Hz, pyridine ids), 7.00 (1H, 
s, pyridine H3). 7.05-7.3 (5H, m, CeMs). and 8.17 (1H. d, J. 6.5H2, 
pyridine He)- 



35 
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r4:V3-r2-f3^cloDentvloxv.4-methoxvDhenvlV-2-Dhenvtethvn aniline 
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Sodium iodide (210mg, 1.4mmol) and trimetliylsilyl chloride (152mg, 
1.4mmol) was added to the compound of Example 13 b (620mg, 
1.27mmol) in acetonitrile (20ml) and the mixture stirred at RT for 1h. The 
reaction mixture was poured into 10% sodium thiosulphate solution (50ml) 

5 and extracted with CH2CI2 (2x50ml). The extract was dried (l\/lgS04). 
concentrated in vacuo and the residue subjected to chromatography 
(SIO2: EtaO) to afford the title compound (210mg) as a colourless gum; 5h 
(CDCI3) 1.5-1.9 (8H, br m. (Cti2)4). 3.21 (2H, d. i7.6H2. PhCHCtb). 3.44 
(2H. br s. NH2). 3.75 (3H. s, OMe).4.14 (1H, t. J 7.6Hz. PhCHCH2). 4.65 

10 (1H. br m OCJl}. 6.3-6.45 (3H, m. Cehia). and 6.6-7.4 (9H, m, 
C6tl5+Cgtl4); m/Z (ESI) 410 (M++ Na, 30%). 388 (M++1. 60). 320(58). 
213 (23). and 196 (100). 

EXAMPLE 28 

15 .Sodium 3.r2-f3.CveioDentvloxv.4-methoxvDhenvlV2-Dhenvlethvn. 
1.2.4-trta2olvl.5-thiolate 

A mixture of thiosemicarbazlde (0.43g, 4.7mmol) and Intermediate 19 
(1.70g. 4.7mmol) in toluene (30ml) was heated to reflux for 4h. The 
reaction mixture was cooled, diluted with EtgO (30ml) and the precipitate 

20 collected by filtration. The precipitate was washed with EtaO then water to 
give a white solid, a portion of which (0.41 g) was suspended in aqueous 
Na2C03(2M; 30ml) and heated to reflux for 4h. The cooled reaction 
mixture was diluted with water (20ml), acidified with 10% hydrochloric acid 
to pH5 and extracted with CH2CI2 (2x40ml). The extract was dried 

25 (MgS04), concentracted /n vacuo, and the residue recrystallised (CH3OH) 
to afford the tltta compound (0.3 1g) as a white solid (Found: C. 62.97; H. 
5.98: N. 10.02. C22H24N3Na02S requires C. 63.29; H. 5.79; N. 
10.07%); Sh (250MHz; DMSO-de) 1.5-2.0 (8H. br m. (CJd2)4). 3.26 (2H. d. 
i 8.2Hz, PhCHC]d2). 3.67 (3H, s. OMe), 4.45 (1H, t, J 8.2Hz, PhCHCH2). 

30 4.72(1H,brm.OCJD, 6.7-6.85 (3H. m. Cetia). 7.1-7.35 (5H, m, CeMs). 
and 13.09 (1H, br s, NH); m/2 (ESI) 419 (M++ 1+Na, 35%), 418 (M++ Na, 
67), 397 (M++ 1 . 95), 396 (M+. 100),328 (15), 204 (25), and 60 (81). 



35 
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Intermediate 19 (2.47g. 6.9mmol) in THF (10ml) was added dropwise to a 
solution of 1^-diamlnobenzene (3.72g, 34.4mmol) in THF (40ml) at 0°C 
and the mixture stirred for 2h. The reaction mixture was concentrated in 
vacuo and the residue washed with EtaO (5x50ml). The extract was 

5 washed with 10% hydrochloric acid (50ml), sodium hydrogen carbonate 
solution (50ml), brine (50ml), then concentrated in vacuo. The residue 
was subjected to chromatography (Si02; EtOAc-hexane, 1:1) to give a 
pale brown glassy solid (1.02g). a portion of which (0.44g) was heated 
neat at ISQOC for 60h then subjected to chromatography (Si02;Et20- 

1 0 hexane 1 :1 ) to afford the title eompound (273mg) as an off-white solid m.p. 
97.5-980C: 6h (CDCI3) 1.4-1.9 (8H, br m, (CH2)4). 3.6-3.7 (2H, m. 
PhCHClJ2). 3-78 (3H, s, OMs).4.55 (1H, br m, OCH). 4.57 (1H. t, J 8Hz. 
PhCtiCH2). 6.7-6.8 (3H, m. Cetb). and 7.15-7.5 (9H, m. Cells + 
benzimidazoletU. tis. tie. M?): m/2(ESI) 413 (M*+ 1. 100%). 186 (48). 

15 (Optical rotation at 0.151g/100ml of EtOH [al^-1). 

EXAMPUE 3Q 

a) (•t»\-4.f1.f3.Cv elQPentvlo«v.4.matho«vphenvlV2.(4-Dvridvh 

ftthvnaniiina.Dihvdrochtrolde.Hemihvclrate 

20 A mixture of Intemediate 26 (3.80g), ammonium formate (1.63g), and 
10% Pd/C (about lOOmg) in EtOH (50ml) was heated to reflux for 2h then 
stirred at RT for 2 days. The reaction mixture was then filtered through 
Celite® and the filtrate concentrated icLMaciZfl. The residue was partitioned 
between aqueous NaOH (1M; 50ml) and CH2CI2 (50ml). The organic 

25 layer was separated, dried (Na2S04). and concentrated in vaQUQ- The 
residue was dissolved in Et20 (50ml) and treated with ethanolic HCi 
(2.5Ad) then concentrated tuami- The residue was recrystallised (EtOH- 
Et20) to afford the title compound (3.4g) as an off-white solid (Found: C. 
63.97; H. 6.52; N, 5.77. C25H28N2O2. 2HCI.5H2O requires C, 63.83; H, 

30 6.64; N, 5.96%); 5h (d4-MeOH) 1.5-1.9 (8H. br m, (Cll2)4). 3.7-3.85 (2H. 
m. CHCti2 pyridine), 3.74 (3H. s. OMe). 4.56 (1H. t, 1 8.8Hz. CUCH2 
pyridine). 4.75 (1H. br m OCH). 6.8-6.85 (3H. m, Cetb). 7.35 (2H, £a.d. 
i 8.5Hz, Ard of C6H4). 7,55 (2H, d, i 8.5Hz, ArH of C6H4), 7.91 (2H, d, i 
6.6Hz. pyridine hb. Us) and 8.65 (2H, d, i 6.6Hz, pyridine tb. He) (N.B. 

35 Nii2 and 2HCI not observed); m/z (ESI) 389 (M++ 1 . 11%). 297 (26). 296 
(100). and 228 (11). 
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The following compound was prepared in a manner similar to the 
compound of Example 28a. 

b) f±V2-r4-M-f3-CvctQpentvl oxv-4-methoxvDhenvlV2-f4-Dvridvl) 
ethvnphenvn-A il.dimethvl-1 .S-o xazoline. Dihydrochloride 
Dihvdrate 

From Intermediate 28b (0.27g, 0.56mmol), ammonium formate {0.70g, 
11.2mmol) and 10% Pd/C (50mg). Chromatography (SiOa; EtOAc) gave 
the title compound free hasa (I80mg) as a Clear gum. 

Dissolution of the title eomoound free base in Et20 and treatment with 
ethereal HCI (1M) furnished the title compound as a white solid. (Found: 
C, 61.98: H.6.53: N. 4.61. C30H34N2O3. 2HCI 2H2O requires C, 62.17; 
H, 6.96; N, 4.83%) 5h (d4-MeOH) 1.59 (6H. s CMe2), 1.6-1.9 (8H, br m. 
(Ca2)4). 3.75 (3H. s, OMe). 3.7-3.9 (2H, m, Chl2-pyridine), 4.64 (1H, t. 
CMCH2-pyridyl). 4.73 (1H, m. OCH). 4.77 (2H. s. CH oxazolinyl). 6.8-6.9 
(3H. m. Cetb). 7.68 (2H, d, J 8.4Hz. ArM msta to oxazollne), 7.90 {2H, d, J 
6.6Hz, pyridine t±3. Ms). 8.01 (2H. d, J 8.4Hz. ArH ortho to oxazoline). and 
8.65 (2H. d. J 6.5Hz. pyridine 1^2. Us); m/Z (ESI) 471 (M++ 1. 100%), 378 
(67). and 245 (20). 

EXAMPLE 31 

feVEthvl N-i4-f1-(3-CvclODentvlo«v.4-inethoxvDhenvlU2 ^4.Dvridv» 
ethvn Dhenvltcarbamate 

Ethyl chloroformate (81 mg, 0.74mmol, 1.3eq) was added dropwise to a 
mixture of the compound of Example 30 (221 mg, 0.57mmol) and 
trlethylamine (75mg, 0.74mmol, 1.3eq) in CH2CI2 (20ml). The reaction 
mixture was stin-ed overnight at RT, then concentrated in vacuo and the 
residue subjected to chromatography (Si02; hexane/EtOAc, 1:1) to afford 
the title eomnnund (170mg) as a white solid; Sh (CDCis) 1.29 (3H, t. J. 
7.1Hz, 0CH2Me). 1.5-2.0 (8H. br m, (Cld2)4). 3.27 (2H, d. J 7.9Hz, CHCtii 
pyridine). 3.79 (3H, s. OMe). 4.10 (1H, t, J 7.9Hz, CHCH2 pyridine). 4.20 
(2H, q. 47.IHZ. 0CJd2Me), 4.64 (1H. br m OCH). 6.51 (1H, br s, NH), 6.6- 
6.8 (3H. m, Cetb). 6.92 (2H, d, J 5.9Hz, pyridine tb. Ms). 7.1 1 (2H, d. J 
8.4Hz. Aril of C6H4). 7.27 (2H. d, J 8.4Hz, ArJl of C6H4). and 8.38 (2H. d, 
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i 5.9Hz, pyridine ^2. Me); D3/2 (ESI) 461 (M*+ 1. 90%). 369 (25). and 368 
(100). 

EXAMPLE 32 

5 feVN-f4-ri-f3-C vclQDentv>oxv.4.methoxvDhenvtV2-f4-Dvridvnethvn 
DhenyUN'-ethvlurea 

A mixture of tiie compound of Example 30 (246mg, 0.63mmol) and ethyl 
isocyanate (68mg, 0.95mmol, 1.5eq) in CH2CI2 (20ml) was stinred at RT 
for 2 days. A further portion of ethyl isocyanate (68mg, 0.9Smmot, 1 .5eq) 

10 was added and the mixture allowed to stir for 20h. The reaction mixture 
was concentrated in vacuo and the residue subjected to chromatogrpahy 
(SiOa; EtOAc) to afford the title compound (221 mg) as a white solid; 5h 
(CDCI3) 1.14 (3H. t, i 7.2Hz. OCHaMe). 1.5-2.0 (8H, br m, (Cil2)4). 3.2- 
3.35 (4H, m, CHCJda pyridine + OCljaMe), 3.79 (3H, s. OMe), 4.11 (1H. t. 

15 JL 7.8Hz, CtlCHa pyridine), 4.59 (1H, br m, NHCONH), 4.66 (1H, br m 
OCH), 6.16 (1H, br s, NHCONiD. 6.65-6.7 (2H, m, ArH meta to OMe), 
6.75 (1H. d,J 8.2Hz, ArH ortho to OMe) 6.93 (2H, br m. pyridine hb. iis). 
7.12 (2H, d, i 8.6Hz. ArH of C6H4). 7.18 (2H. d, i 8.6H2, ArH of C8H4). 
and 8.39 (2H. br s. pyridine il2. Ids); lU/Z (ESI) 460 (M++ 1 . 100%). and 

20 117(16). 

EXAMPLE 33 

(+VN.r4-f1.f3-Cvclopentvloxv.4.methoxvDhenvnV2-f4.Dvridvnethvll 
Dhenviaeetamide 

25 Acetyl chloride (62mg. 0.79mmol. 1.3eq) was added dropwise to the 
compound of Example 30 (235mg, 0.60mmol) in CH2CI2 (20ml) at O^C 
and the mixture allowed to stir at RT overnight. The reaction mixture was 
concentrated in vacuo and the residue subjected to chromatography 
(SiOa; CH2CI2/M6OH. 9:1) to afford the title compound (140mg) as a white 

30 solid; 5h (d4-MeOH) 1 .5-2.0 (8H. br m. (Ca2)4). 2.09 (3H, s, COMe), 3.37 
(2H, d. A 8.2Hz, CHC]d2 pyridine), 3.75 (3H, s. OMe). 4.23 (1H, t, J 8.2Hz, 
CHCH2 pyridine), 4.69 (1H, br m OCH), 6.73 (1H, d, J 1.9Hz, ArH ortho to 
cyclopentyloxy). 6.77 (1H. dd, i8.2. 1.9Hz. ArH cam to OMe). 6.82 (1H, 
d, i 8.2Hz. Aril ortho to OMe), 7. 1 5 (2H. d, J 5.7Hz. pyridine hb. Us). 7.21 
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(2H, d. J 8.6Hz. ArM of C6H4). 7.42 (2H, d, i 8.6Hz. Artl of C6H4). and 
8.27 (2H. br s. pyridine ti2. He) fN.B. Nil not observed); m/Z (ESI) 431 
(M++ 1. 100%). and 338 (22). 

5 E XAMPLE 34 

feV4-f2.f3-CvclODen tvloxv-4-m6thoxvDhenvlV-2-f2-furviW2.hvdroxv- 
ethvnpvridine 

n-Butyllithium (1.6M solution in hexane; 16.9ml. 27mmol) was added to a 
stirred solution of furan (1.84g, 1.96ml. 27mmol) In THF (25ml) at -700C. 

10 After 1h at -70°C. a solution of Intermediate 1 (4.0g. 18mmol) in THF 
(lOmi) was added over 10 min. The reaction mixture was stirred at -70PC 
for 0.75h, warmed to RT over 0.75h, then quenched with water (100ml) 
and extracted with Et20 (3x60ml). The extract was washed with brine 
(100ml), dried (MgS04), and concentrated in vacuo. The residual orange- 

15 yellow oil was subjected to chromatography (SiOa; CH2Cl2/hexane, 3:1, 
then EtaO/hexane, 1:1) to give (3-cyclopentyloxy-4-methoxyphenyl)(2- 
furyl)methanol (3.2g, 61%) as a colourless unstable oil; v max- (nGSt) 
3500cm-"*. 

The alcohol (3.2g) was stirred with manganese (IV) oxide (lOg) in CH2CI2 
20 (100ml) at RT for 3h. The mixture was filtered through Celite® and the 
filtrate concentrated in vacuo . The residual dark oil was subjected to 
chromatography (SiOa) to give (3-cyclopentyloxy-4*methoxyphenyl)-(2- 
furyl)ketone (1.9g); Vmax (neat) 1620cm"^ 

n-Butyllithium (1.6M solution in hexanes: 4.2ml. 6.64mmol) was added to a 
25 solution of a 4-methylpyridine (0.62g, 0.65ml. 6.64mmol) in THF (25ml) at 
-TO^C. After 0.5h, a solution of the crude ketone (1.9g, ca* 6.6mmol) in 
THF (5ml) was added, stirred for 1h at -700C, then at RT for 0.25h. The 
reaction mixture was quenched with water (50ml) and extracted with 
EtOAc (3x50ml). The extract was dried (MgS04)t concentrated in vacuo. 
30 and the residual red oil subjected to chromatography (SiOa; EtOAc/ 
hexane. 3:2) to afford the title compound (1.23g, 49%) as a pale yellow oil; 
5h (CDCI3) 1.5-1.9 (8H, br m. (Ctl2)4). 2.84 (1H. br s. Ohl), 3.30 (1H. d. i 
13.2Hz. CIJaHb pyridine). 3.59 (1H. d. i. 13.2H2. CHAhlB pyridine). 3.82 
(3H. s. OMe). 4.65 (1H, br m OCJd). 6.24 (1H, dd, 1 3.3. 0.7Hz, furan tb). 
35 6.35 (1H, dd. i 3.3. 1.8Hz, furan H4). 6.75-6.85 (3H, m. CgUa). 6.85 (2H, 
dd, 1 4.5, 1.6Hz. pyridine tb, hb), 7.43 (1H, dd, J 1.8. 0.7Hz, furan hb), 
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and 8.33 (2H. dd, i 4.5, 1 .6H2, pyridine da. tie); Dl/2 (ESI) 402 (M*+ 23. 
20%), 380 (M* + 1, 35), 287 (100), 95 (28). and 94 (97). 

EXAMPLE 3 5 

5 (tV>2-r^>(g-CYCtQp^ntYl0XV-4>m9thpxvphenY|)-g-phepYt?^hYl1t?9P2[^il 

Bromobenzene (3.47g, 22.8mmol. 3.1equiv) was added to a stirred 
suspension of magnesium turnings (555mg,22.1mmol. 3.0equiv) in THF 
(10ml) and the mixture stirred for 0.5h. A further portion of THF (30ml) was 

10 added and stimng continued for 1h. Copper (I) bromide-dimethyl sulphide 
complex (2.27g, 11.04mmol), LSequiv) was added to the Grignard 
solution at -70^0 then allowed to quickly warm to -20^0. After O.Sh, the 
yellow-green slurry was cooled to -70oC and treated with a solution of 
Intermediate 37 (3.0g, 7.37mmol) in THF (10ml) over 10 min. After 2h at 

15 -70®C. the reaction mixture was warmed to -20°C over 0.5h then 
quenched with aqueous NHaCI solution (200ml) and extracted with EtOAc 
(150ml, 2x50ml). The extract was washed with NH4CI solution (40ml). and 
brine (50ml), then dried (MgS04). and concentrated in vacuo . The residue 
was triturated with Et20/hexane (1:2; 50ml) to afford (4S)*3-[3-(3-cyclo- 

20 pentyloxy-4-methoxyphenyl)-3-phenylpropanoyl]-4-phenyl-2-oxazolone 

(2.97g) as a white solid; 5h (CDCI3) 1.5-1.95 (8H. br m, (Cii2)4). 3.6-3.85 
(2H, m. CIJ2CO), 3.79 (3H, s. OMe). 4.18 (1H. dd. i 8.7, 4Hz, CHH'O), 
4.5-4.6 (1H. m. CHCH2CO). 4.58 (1H. apparent t. A 8.7Hz, CHH'O). 4.70 
(1H, br m, ArOCH). 5.32 (1H. dd, i 8.7.4Hz, CtiN). 6.75-6.8 (3H. m, 

25 Cetla). and 7.0-7.35 (10H, m, 2xC6tl5). 

Hydrogen peroxide (27.5% w/w; 19.1g, 17.2ml, 155mmol) was added in 
small portions over 0.25h to a solution of the acyloxazolidinone (15.01g. 
30.9mmol) in THF-H2O (4:1, 240ml) at around 5^0. After a further 5 min. 

30 aqueous LiOH solution (1.0M: 43.5ml, 43.5mmol) was added dropwise at 
O-50C and the reaction mixture maintained at <5^C ovemight. 
Sodium sulphite solution (1.0M; 171ml) was added in smalt portions at 
<20oc and the THF removed in vacuo . The residue was filtered to 
remove any solid and the filtrate washed with EtOAc (2x1 00ml). The 

35 aqueous layer was acidified to pH2 and extracted with EtOAc (3x1 00ml). 
The extract was washed with brine (40ml), then dried (MgS04), and 
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concentrated in vacuo to afford 3-(3-cyclopentyloxy-4-methoxyphenyl)-3- 
pfienylpropanoic acid (10.2g) as a colourless viscous oil. 

The crude carboxylic acid (3.1 9g, 9.38mmol) in CH2CI2 (10ml) was treated 
5 with thionyl chloride (2.7ml, 37.5mmol) and the mxiture heated to reflux for 
3h. The reaction mixture was concentrated in vacuo and the residue 
azeotroped with toluene (2x25ml) to afford 3-(3-cyclopentyloxy-4-methoxy- 
phenyl)-3-phenylpropanoyl chloride (2.96g) as a brown oil. 

10 A solution of the acid chloride (1.48g, 4.13mmol) in CH2CI2 (5ml) was 
added to a suspension of 2-aminophenol (O.SOg, 8.26mmol) In CH2CI2 
(15mi) and the. mixture stirred for 2h. The reaction mixture was diluted 
with CH2CI2 (100ml), washed with 10% HCI (2x25ml), then dried 
(Na2S04), and concentrated /n vacuo . The residue was subjected to 

15 chromatography (Si02; EtOAc/hexane, 2:3) to afford an off-white foam 
(0.96g). The intemiediate amide (400mg) was heated at 15Q°C for 60h 
and the residue subjected to chromatography (SiOa; EtOAc/hexane, 1:4) 
to afford the title compound (234mg) as a white solid m.p. S1.5-92.5oC 
(Found: C. 78.63: H. 6.68; N. 3.23. C27H27NO3 requires C. 78.42; 

20 H,6.58; N, 3.39%); 5h (CDCI3) 1.5-1.9 (8H. br m. (Cil2)4). 3.64 (2H, d, i 
8.1 Hz. PhCHCHd. 3.77 (3H. s, OMe). 4.61 (1H, br m. OCiO, 4.74 (1H, t, A 
8.1Hz. PhCilCH2), 6.7-6.8 (3H. m, CeUa). 7.1-7.3 (7H, m, Art!). 7.4-7.45 
(1H. m. ArH). and 7.6-7.65 (1H, m. ArH); Vmax (KBr) 2960. 1620, 1600. 
1530. 1240, and 1140 cm-\ miz (ESI) 436 (M+ + 23. 100%). and 414 (M* 

25 + 1 . 80); [al^ = +64o (0.1 67g/1 00ml EtOH). 

EXAMPLE 36 

5-f2.f3-Cvclopentvloxv-4-methoxv phenvlV2-Dhenvtethvll.1-methvl- 
imldazrte 

30 Methytamins was bubbled into a stirred mixture of Intemiediate 39 (1 .Og), 
3A molecular sieves 5g), and 4-toluenesuiphonic acid monohydrate 
(sa. 50mg). After stirring at RT for 1.5h, a few drops of EtaN was added 
and the reaction mixture filtered using Et20 washing. The filtrate was 
concentrated in vacuo to give the intermediate imine as a near colourless 

35 oii(0.88g). 
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A mixture of the crude imine (0.88g), 1-butylamine ().51ml), and (4- 
toluenesulphonyl)methyl isocyanide (TosMIC) (0.63g) in dimethoxyethane 
(30ml) was stirred at RT for 42h. Tlie reaction mixture was then filtered 
and the filtrate partitioned between 20% HCI (50ml) and Et20 (50ml). The 

5 aqueous layer was separated and combined with further 20% HCI extracts 
{2x25ml). The acid extract was washed with EI2O (25ml), basified with 
solid KOH, then extracted with Et20 (3x40ml). The organic extract was 
washed with brine (20ml). dried (MgS04). and concentrated in Y^QW- The 
residual dark oil (0.6g) was subjected to chromatography (Si02; EtOAc to 

10 2% MeOH-EtOAc) to afford the title eomtxiund (206mg) as a clear pale 
yellow oil: 8h (CDCI3) 1.5-2.0 (8H, br m. {CJd2)4). 3.2-3.3 (5H, m. NMe + 
CHCti2 pyridine). 3.80 (3H. s. OMe). 4.14 (1H. t, J. 7.7Hz. CMCH2 
pyridine). 4.65 (1H. br m. OCd). 6.6-6.8 (4H. m, Cehb + imidazole H4). 
and 7.15-7.35 (6H. m. Ceils + imidazole id2): m/i (ESI) 377 (M* + 1. 

15 100%). 



PORMULATIQN EXAMPLES 

The compounds of the invention may be formulated for pharmaceutical 
20 use in a number of forms using any suitable excipients. Thus, for 
example, for oral use the compounds of the invention such as the 
compounds of the Examples may be formulated as a solid dosage form, 
by mixing an appropriate weight of compound (for example 50mg) with 
maize starch (50-99%w/w). anhydrous colloidal silica (0-lO%w/w) and 
25 organic or inorganic acid (up to 1%w/w), to fill capsules of an appropriate 
size. e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

The activity and selectivity of compounds according to the invention was 
30 demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-teu-phe. 

Isolated Enzvme 

The potency and selectivity of the compounds of the invention was 
35 detemiined using distinct PDE isoenzymes as follows: 
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i. PDE I. rabbit heart 

ii. PDE II, rabbit heart 

iii. PDE III, rabbit heart, Jurkat cells 

iv. PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 
5 recombinant PDE IV 

V. PDE V, rabbit lung, guinea pig lung 

A gene encoding human PDE IV has been cloned from human monocytes 
(L/w, fiLfl/-» 1990, Molecular and Cellular Biology, ifl, 2678). Using similar 

10 procedures we have cloned human PDE IV genes from a number of 
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 
and neuronal tissues. These genes have been transfected into yeast 
using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics of PDE IV {Beavo 

15 and Reifsnyder, 1990, TIPS, IL 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 
the basis of a screen for potent, selective PDE IV inhibitors. 



The enzymes were purified to Isoenzyme homogeneity using standard 
20 chromatographic techniques. 

Phosphodiesterase activity was assayed as follows. The reaction was 
conducted in 150^l of standard mixture containing (final concentrations); 
50mM 2-[[tris(hydroxymethyl)methyl]amino]-1-ethane-sulphonic acid (TES) 

25 -NaOH buffer (pH 7.5), lOmM MgCl2, O.ljiM PH]-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
by addition of enzyme and conducted at SO^C for between 5 to 30 mins. 
The reaction was terminated by addition of 50^1 2% trifluoroacetic acid 
containing [^^J-S'AMP for determining recovery of the product. An aliquot 

30 of the sample was then applied to a column of neutral alumina and the 
pHJ-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The pHJ-S'-AMP 
product was eluted with 2ml 2M NaOH Into a scintillation vial containing 
10ml of scintillation cocktail. Recovery of pH]-5*AMP was detemnined 
using the [i^C]-5*AMP and all assays were conducted in the linear range of 

35 the reaction. 
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Compounds according to the invention such as compounds of the 
Examples herein cause a concentration-dependent inhibition of 
recombinant PDE IV at 0.1 - lOOOnM with little or no activity against PDE i, 
11, III or V at concentrations up to lOO^M. 

5 

2. The Elevation of cAMP in Leukocytes 

The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
Human neutrophils were separated from peripheral blood, incubated 

10 with dihydrocytochalasin B and the test compound for 10 mih and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 
by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 
from the peritoneal exudate and incubated with isoprenaiine and test 

15 compound. With both cell types, suspensions were centrlfuged at the 
^ end of the incubation, the cell pellets were resuspended in buffer and 
boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 

20 The most potent compounds according to the Examples induced a 
concentration -dependent elevation of cAMP in neutrophils and/or 
eosinophils at concentrations of 0.1 nM to 1(iM. 

3. Suppressipn of UtiKQcvtg Functlpn 

25 Compounds of the invention were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 
eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chalasin B for superoxide generation only and test compound prior to 
stimulation with FMLP. The most potent compounds of the Examples 

30 caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of 0.1 nM to 
IHM. 

Upopolysaccharide (LPS)-induced synthesis of tumour necrosis 
35 factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01 nM to lOjiiM. 
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4. Relaxation of Constricted Airway Smo th Muscle in vitro 

The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 

5 were suspended in organ baths and immersed in oxygenated Krebs' 

solution. The smooth muscle was contracted with sub-maximal 
concentrations of histamine or carbachol prior to the addition of 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration* 

10 dependent reversal of both histamine and carbachol-induced 

contractions at concentrations of InM to lOOfiM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachoUinduced tone. 



15 5. Effects on Pgrriiap MMSgle in vitrQ 

. Compounds of the invention have been tested for their effects on 
isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 

20 atria and force (inotropic) of the electrically stimulated papillary 
muscle. In these preparations, selective PDE IV inhibitors such as 
rolipram do not have any direct effects whereas selective PDE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 

25 asthma as a bronchodilator* also causes significant cardiovascular 

changes such as tachycardia. Selective PDE iV inhibitors have 
advantage over theophylline^ therefore, through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atria! and 

30 papillary muscles in vitro at concentrations up to 10^M but in 

combination with PDE III inhibitors, these inhibitors showed an 
enhancement of chronotropic and inotropic activity, typical of 
selective type IV inhibitors. 

35 6. Anti-inflammatory Activity in vivo 
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lnterleukin-5 (lL-5)-induced pleural eosinophilia in the rat (Lisle, sLSl, 
1993. BrJ. Pharmacol. IQSL 230p) is inhibited by compounds of the 
Examples given orally at doses of 0.0001 to lO.Omg/kg. The most 
potent compounds cause a dose-dependent reduction in migrating 
5 eosinophils with EDsos of 0,003 to 0.03mg/kg p.o. 

Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 

10 7. AmMlgrqfC APtlYftY tn vivo 

Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation of 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 

15 immunosuppression, by intraperitoneal injection of antigen in 

. combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneally administered antl-histamine 

20 agent (mepyramine). After a further 48h, bronchial alveolar lavages 
(BAL) were performed and the nurnbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damage. 
Administration of compounds of the Examaples (0.001 -lOmg/kg i.p. 

25 or P.O.), up to three times during the 48h following antigen challenge, 
lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 



8. gffects on Pulmonarv Dvnamics 

Compounds of the invention (0.001 -lOmg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstmction caused by 
antigen in sensitized guinea pigs. 



35 
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Compounds of the invention hav been tested for their effects on 
ozone-induced hyperreactivity of the airways of guinea pigs. 
Following the inhalation of ozone, guinea pigs become very much 
more sensitive to the bronchoconstrictor effects of inhaled histamine 
than naive animals {Yeadon et bL 1992, Pulmonary Pharm., 5, 39). 
There is a pronounced shift to the left (10-30 fold) of the dose 
response curve to histamine and a highly significant increase in the 
maximum increase in pulmonary resistance. Compounds of the 
Examples administered 1h prior to ozone by the intraperitoneal or 
oral (0.001 -lOmg/kg) route caused a dose-dependent inhibition of 
ozone-induced hypen-eactivity. 

Advgrs? gffgctg 

Compounds of the invention are free from adverse effects following 
repeated overdosage to rats or dogs. For example, over 
administration of 125mg/i<g/day of active compounds of the Examples 
to rats for 30 days is not associated with adverse toxicity. 

The most potent compounds of the invention are 20-30 times less 
active than rolipram in inducing behavioural changes, sedation or 
emesis in rats, ferrets or dogs. 
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CLAIMS 

5 1 . A compound of formula (1 ) 




wherein Y represents a halogen atom or a group 0R1, where Ri is an 
1 0 optionally substituted alkyl group; 

X is -0-, -S- or -N(R8)-, where RB is a hydrogen atom or an alkyi 
group; 

R2 is an optionally substijuted alkyl. alkenyl. cycloalkyi or 
cycloalkenyl group: 

15 R3 is a hydrogen or halogen atom or an -OR® group, where R9 is a 
hydrogen atom or an optionally substituted alkyl. alkenyl, aikoxylalkyi, 
or alkanoyi group, or a formyl, carboxamido or thiocarboxamkJo 
group; 

R4 and R5, which may be the same or different, is each a group 
20 •(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 

containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1, 2 or 3; 

R6 is a hydrogen atom or an optionally substituted alkyl group; 

R7 is a hydrogen atom or an optionally substituted alkyl group; and 
25 the salts, solvates, hydrates and N-oxkles thereof . 

2. A compound according to Claim 1 wherein X is -O-. 

3. A compound according to Claim 1 or Claim 2, wherein Y Is a group 
30 -OR^ where R^ is a methyl group. 

4. A compound according to any one of Claim 1 to Claim 3 wherein R2 
is a cyclopentyl group. 
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5. A compound according to any one of Claim 1 to Claim 4 wherein 
is a hydrogen atom. 

6. A compound according to any one of Claim 1 to Claim 5 wherein R6 
and R7 is each independently a hydrogen atom or a methyl group. 

I. A compound according to Claim 6 wherein R^ and R^ Is each a 
hydrogen atom. 

8. A compound according to Claim 1 wherein Y is a -OCH3 group, X Is 
-0-, R2 is a cyclopentyl group, R3, R^ and R7 is each a hydrogen 
atom and R^ and R^ Is each independently a group -Ar. 

9. A compound according to Claim 8 wherein R^ is a group Ar where Ar 
is an unsubstituted or substituted monocyclic aryt or monocyclic 
heteroaryl group and R^ is a group Ar where Ar is an unsubstituted or 
substituted monocyclic nitrogen-containing heteroaryl group. 

10. A compound according to Claim 9 wherein the monocyclic aryl group 
is an unsubstituted or substituted phenyl group, the monocyclic 
heteroaryl group is an unsubstituted or substituted furyl, thienyi or 
pyrldyl group and the monocyclic nitrogen-containing heteroaryl 
group is an unsubstituted or substituted pyrldyl, pyridazinyl, 
pyrimidinyl or pyrazinyi group. 

II. A compound according to Claim 10 wherein the nitrogen-containing 
heteroaryl group is a substituted or unsubstituted pyridyl group. 

12. A compound according to Claim 1 selected from: 

(±)-4-l2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-furyl) 

ethyl]pyridine; 

(±)-4^2-(3-Cyclopentyloxy-4-methoxyphenyl).2-(2-thlenyl)ethyl] 
pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3- 
methyiimidazole; 
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(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl] 
pyridine; 

(±M-I1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4H}yridyl)ethyl] 
pyridine: 

5 (±)-4-I2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-fluorophenyl- 
ethyl] pyridine; 

(±)-4-[2-(3-Cyclopentyloxy-4-metlioxyph6nyl)-2-(4-trifluoromethyl- 

phenyl)etfiyl]pyridine; 
(±)-4-[2-(3-Cyclopentyioxy-4-metlioxyplrienyl)-2-(2-methoxyphen^^^ 
10 ethyl)]pyridine; 

{±)-4-[2-(3-Cyclopentyloxy-4-metlioxyphenyl)-2-{4-methoxyphenyl)- 
ethyi]pyridine; 

(±HH2-(3-Cyclopentyloxy-4-memoxyplienyl)-2-(4-methylphenyl) 

ethyljpyridine; 

1 5 (±H-l2-(3-Cyclopenlytoxy-4-rrjethoxyphenyI)-2-(3-nr)ethylpheny^ 
ethyljpyridine; 

(±)-4-I2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-{3-cyclopentyloxy-4- 

methoxyphenyl)ethyllpyridine; 
(±)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyl]-3,5- 
20 dichloropyridine; 

(±)-2-{2-{3-Cyclopentyloxy-4-m6thoxyphenyl)-2-phenylethylJ 
pyridine; 

(±)-4-I1 •(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4i)yridyl) ethyl] 
aniline; 

25 (±) -4-[1 -(3'Cyclopenxyloxy'4-methoxyphenyl)-2-(4-pyridyl)ethyil 
benzoic acid; 

(±) Ethyl N-{4-[1-(a-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
ethyqphenyl}carbamate; 

(±) N-{4-[1 •(3-Cyclopentyloxy-4-methoxyphenyl)-2(4-pyridyl)ethyl] 
30 phenyt}N'-ethylurea; 

(±)-N-{4-[1-(3-Cyclopentyloxy-4^ethoxyphenyl)J-2-(4pyridyl) 

ethyl}phenylacetamide; 
(±)-3-[2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-phenylethyll 
pyridine; 

35 (±)-4-[2-(3-Cyclopentylo)cy-4-methoxyphenyl)-2-phenylethyl] 
pyrimidine; 
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(±) ^-(2-(3-Cyclopentyloxy-4-methoxyphenyl)-2-{4-hydroxym thyl- 
phenyl)ethyl]pyridine; 

(±)-4-l1-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyiidyl)ethyll 
benzamide; 

5 (±) Ethyl-4-(1-(3-Cyclopentyloxy-4-(nethoxyphenyl)-2-{4-phenyl- 
ethyl]benzoate; 

(±) N-{4-I1-{3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyll 
phenyl}methanesulphonamide: or 

the resolved enantiomers thereof ; and the salts, solvates, hydrate 
10 and N-oxides thereof . 

13. A compound according to Claim 1 which is (+)-4-[2-(3-Cyclo- 
pentyioxy-4-methoxyphenyl)-2-phenylethyi] pyridine; and the salts, 
solvates, hydrates and Nk)xides thereof. 

15 

14. A compound according to Claim 1 which is (-)-4-[2-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-phenylethyl]pyridine; and the salts, 
solvates, hydrates and N*oxides thereof. 

20 15 A compound according to Claim 1 which is (+)-4-l1-(3-Cyclo- 
pentyloxy-4-methoxyphenyl)-2-(4-pyridyl)ethyl]pyridine; 

16. A compound according to Claim 1 which is (-)-4-[1-(3-Cyclopentyloxy- 
4-methoxyphenyl)-2-(4-pyridyl)ethyl]-pyridine; 

25 

17. A phannaceutical composition comprising a compound of formula (1 ): 




30 wherein Y represents a halogen atom or a group ORi , where Ri is an 
optionally substituted alkyi group; 

X is -0-, -S- or -N(R8)-, where R^ is a hydrogen atom or an alkyI 
group; 
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R2 is an optionally substituted alkyl. alkenyl, cycloalkyi or 
cycloalkenyf group; 

R3 is a hydrogen or halogen atom or an -OR^ group, where R^ Is a 
h^rogen atom or an optionally substituted alkyl, alkenyl, alkoxylalkyl. 
or alkanoyi group, or a formyl. carboxamido or thiocarboxamido 
group; 

R4 and R5, which maybe the same or different, is each a group 

.(CH2)nAr, where Ar is a monocyclic or bicyclic aryl group optionally 

containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 

RS Is a hydrogen atom or an opttonally substituted alkyl group; 

R7 Is a hydrogen atom or an optionally substituted alkyl group: and 

the salts, solvates, hydrates and N-oxides thereof 

together with one or more pharmaceuticaliy acceptable carriers, 

excipients or diluents. 

18. A process for the preparation of a compound of formula (1 ): 



wherein Y represents a halogen atom or a group OR^ where R^is an 
optionally substituted alkyl group; 

X is -0-, -S- or •N(R8)-, where RO is a hydrogen atom or an alkyl 
group; 

R2 is an optionally substituted alkyl. alkenyl. cycloalkyi or 
cycloalkenyl group; 

R3 is a hydrogen or halogen atom or an -0R9 group, where R^ is a 
hydrogen atom or an optionally substituted alk^ alkenyl, alkoxylalkyl. 
or alkanoyi group, or a formyl. carboxamido or thiocarboxamido 
group; 

R4 and R^, which maybe the same or different. Is each a group 
.(CH2)nAr. where Ar is a monocyclic or bicyclic aryl group optionally 




(1) 
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containing one or more heteroatoms selected from oxygen, sulphur 

or nitrogen atoms and n is zero or an integer 1 , 2 or 3; 

R3 is a hydrogen atom or an optionally substituted alkyi group: 

R7 is a hydrogen atom or an optionally substituted alkyI group; and 

the salts, solvates, hydrates and N-oxides thereof 

which comprises in a final step 

a) the hydrogenation of a compound of fomnula (3): 



wherein Y, X. R2, R4, RS, and R® are as defined for formula (1), to 
yield a compound of fonnula (1) wherein R3 and P7 is each a 
hydrogen atom; or 
b) the reaction of a ketone of formula (6): 



wherein Y. X, R2 and R* are as defined for formula (1), with an 
organometallic reagent R5R6CHZ where RS and R6 are as defined 
for formula (1) and Z is a metal atom, to yield a compound of fonnula 
(1) wherein R3 is a hydroxyl group and R7 is a hydrogen atom; or 
c) the decarboxylation of an acid of fomiula (1 3): 





(6) 
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wherein Y, X, R2, and are as defined for formula (1) to yield a 
compound of formula (1) wherein R^. R^ and R7 is each a hydrogen 
atom; or 

d) the cyclisation of a compound of formula (15): 

5 

CH{R*)CH2R 

(15) 

wherein Y, X and R^ are as defined for formula (1) and R is a 
carboxylic acid [-CO2H] group or a reactive derivative thereof, a nitrite 

10 [-CN] or an imine salt, with a bifunctional reagent W^RSaw2 and 

where necessary a compound R^bw^ (where W^, and W^, which 
may be the same or different is each a reactive functional group or a 
protected derivative thereof; and R^^ and R^^ are components of the 
heteroaryl group RS such that when added together with Vfi and 

15 W3 to the group R In compounds of fonmula (15) the resulting group 
-RWiR5aw2 or -RW^ R5aw2R5i>w3 constitutes the heteroaryl group 
RS], to yield a compound of formula (1) wherein R^, R6 and R^ is 
each a hydrogen atom and R^ is a heteroaryl group; or 

e) the aikylation of a compound of formula (18): 

20 




C(R^){R*)C(R®)(Ff)R^ 

(18) 



wherein Y, X, R^, R^, R^, R®, and 97 are as defined for formula (1) 
with a reagent R^L wherein R^ is as defined for formula (1) and L is a 
25 leaving group; or 

f) the interconverston of a compound of formula (1) to another 
compound of fonmula (1 ), or 

g) by reaction of a compound of formula (1 ) with an acid or base to yield 
a salt of a compound of formula (1); 




4 O > 
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h) by deprotection of a corresponding protected compound of formula 
(!)• or 

i) by resolution of a mixture of two enantiomeric forms of a compound 
of formula (1) to yield one enantiomeric form of a compound of 

5 formula (1). 
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